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The Ionghead darter (Percina macrocephala) is sporadic and uncommon 
throughout its range in the Ohio River basin. In Kentucky, f. macrocephala has a 
restricted distribution and is listed as endangered in the state. Prior to this study f. 
macrocephala was known in Kinniconick Creek from several specimens collected in 
1938 and 1983. This study had three main objectives. First, I assessed the 
conservation status and distribution off. macrocephala in Kinniconick Creek. 
Second, I determined preferred habitat of this fish species among stream reaches 
based on macrohabitat and microhabitat characteristics. Third, I made conservation 
management recommendations for f. macrocephala in Kinniconick Creek. From late 
May to early October 2008, I surveyed approximately 40 km of Kinniconick Creek, 
delineating 123 reaches, and sampled 41 of these by snorkeling to determine ;e. 
macrocephala presence and abundance. Snorkeling efficiency was checked by 
randomly selecting ten of the snorkeled reaches with seining and backpack 
electrofishing. Percina macrocephala (n=94) was found at 13 reaches, mostly in a 23 
km section comprising the downstream end of our study area. Analyses of macro-
and microhabitat variables indicate that ;e. macrocephala is found in the deeper (:::::44 
cm) and wider ("'16 m) reaches with boulder-cobble sized substrates. Threats to the 
existence of ;e. macrocephala encountered during the study include siltation, cattle 
grazing, riparian zone destruction, gravel mining and stockpiling, road crossings, and 
drought. Management recommendations include protecting lands surrounding areas 
where ;e. macrocephala is located, restricting cattle access, increased enforcement of 
current laws against in-stream gravel mining, and maintaining wide (>30 m) riparian 
zones. }\!though ;e. macrocephala has a restricted distribution in Kinniconick Creek, it 
is much more common than previously realized; the creek has one the best 
populations of this rare species in Kentucky. 
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1.0 Introduction 
1.1 Background 
The longhead darter, Percina macrocephala (Cope 1867), is a large darter, up 
to 12 cm standard length (SL), characterized by a long snout, a sickle-shaped teardrop 
that curves back and down onto the underside of the head, a black bar below a medial 
black caudal spot, and 9-15 fused black blotches along its side (Page and Burr 1991). 
Within small to medium streams, f. macrocephala has been observed in rocky pools 
with predominately cobble-boulder substrates in the deeper (approximately 40-60 cm) 
slack water just above or below riffles (Page 1978, Greenberg 1991, Page and Burr 
1991, Welsh and Perry 1998). 
Figure 1. Adult (92 mm SL) and young-of-the-year (YOY) (53 mm SL) Percina 
macrocephala from Kinniconick Creek, Lewis County, Kentucky. 
Percina macrocephala is recognized as a rare species (Table 1). Historically, 
}".. macrocephala has been observed from the state of New York south to North 
Carolina including in Pennsylvania, Ohio, West Virginia, Virginia, Kentucky, and 
Tennessee (Page 1978). Within Kentucky,}".. macrocephala was observed in the upper 
Barren, upper Green, Kentucky, Licking, Cumberland, and Big Sandy River 
drainages and in Kinniconick Creek (Page 1978, Burr 1980). The earliest known 
record of}".. macrocephala in Kinniconick Creek is a single vouchered specimen from 
1938 and has an unknown collector and is listed as collected "at the mouth of Laurel 
Creek." This specimen was deposited at the University of Louisville [UL 12003] 
(Page 1978), but has been recatalogued at Southern illinois University [SIUC 66665] 
(Rob Hopkins, pers. comm.). In 1983, seven individuals were observed by Lewis 
Kornman at three localities (Figure 2) and are vouchered at the Minor Clark Fish 
Hatchery (Kornman 1983, Warren and Cicerello 1983). Since 1983, }".. macrocephala 
was undocumented in Kinniconick Creek until 2005, when Ron Cicerello and 
Guenter Schuster observed two adults while snorkeling for mussels (pers. comm.). 
During the course of this study, Ron Cicerello and Ryan Evans observed three 
additional adult}".. macrocephala while snorkeling for mussels (pers. comm.) at 
multiple locations. 
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Table 1. Status and Ranking of P. macrocephala at state levels. 
Areas Status 
Kentucky 
New York 
Ohio 
Pennsylvania 
Tennessee 
Virginia 
West Virginia 
Endangered (E) (KSNPC 2010, NatureServe 2008) 
Threatened (T) (NatureServe 2008, ODNR 2008) 
Extirpated (EX) (ODNR 2008) 
Threatened (T) (NatureServe 2008) 
Threatened (T) (TWRC 2008) 
Threatened (T) (NatureServe 2008, ODNR 2008) 
Threatened (T) (NatureServe 2008, ODNR 2008) 
1.2 Rationale and Objectives 
Page (1978) and Page and Burr (1981) described morphological variation 
among three main "races": one in the upper Ohio River drainages, a second in the 
Green and upper Tennessee River systems, and a third in the Cumberland and Duck 
Rivers. Populations in the upper Tennessee River drainages were recently described 
as a new species, Percina williamsi, by Page and Near (2007). The population off. 
macrocephala in Kinniconick Creek is likely the only extant population of the upper 
Ohio River "race" in Kentucky. 
3 
0 
& Cicerello 2005-2007 
0 Kornman 1983 
1.5 3 6 Kilometers 
Figure 2. Percina macrocephala recorded observations prior to this study. 
Currently, ;e. macrocephala is listed as endangered by the Kentucky State 
Nature Preserves Commission (KSNPC 2010), "Vulnerable" by the American 
Fisheries Society (Jelks et al. 2008), and "intolerant" by the Kentucky Division of 
Water (KDOW 2008). Intolerant fish species are known to be sensitive to 
anthropogenic disturbance and pollution. Due to this sensitivity, these intolerant 
species can rarely persist outside of high quality environments, and their presence 
indicates a healthy aquatic ecosystem. Characteristics of a healthy aquatic ecosystem 
include minimal anthropogenic impact to habitat and ecosystem function and the 
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persistence of natural communities of flora and fauna. Negative impacts on these 
characteristics are often observed as decreases in biodiversity over time. This has lead 
to the use of flora and fauna as bioindicators of the health of an ecosystem, with 
intolerant species as the key players. As bellwethers of the watershed, it is in the 
publics' best interest to monitor and understand the populations and habitat 
requirements of these rare and intolerant species for the sake of maintaining higher 
biodiversity and to ensure a healthy aquatic ecosystem for all people depending on it 
for food, water, and recreation. 
With this in mind, this study has three main objectives. The first objective was 
to assess the conservation status and distribution off. macrocephala in Kinniconick 
Creek. Given the putatively sensitive nature of Percina macrocephala and its scarcity 
over its entire range, Kentucky range, and uncertain status in Kinniconick Creek, a 
distributional survey that investigates the current status of remaining populations is of 
interest to those concerned with maintaining the biodiversity of native Kentucky 
fishes. In addition, the presence off. macrocephala provides insight to the biotic 
health of Kinniconick Creek. 
The second objective was to determine preferred habitat in Kinniconick Creek 
from macrohabitat and rnicrohabitat characteristics. Habitat preference off. 
macrocephala compared to habitat availability is needed because previous studies 
mostly lack quantitative habitat data. In the future, the knowledge of preferred 
habitats could be used for predicting the presence off. macrocephala or protecting 
areas that f. macrocephala is likely to utilize. 
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The third and final objective was to make recommendations regarding 
conservation management of];'.. macrocephala in Kinniconick Creek based on 
possible threats observed. Possible threats to];'.. macrocephala include agricultural and 
other anthropogenic run-off (Aitken 1936), gravel mining (Brown et al. 1998, Meador 
and Layher 1998), riparian zone destruction (Moring 1982), and impoundment (Burr 
-1980, Warren and Cicerello 1983). 
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2.0 Materials and Methods 
2.1 Kinniconick Creek 
The Kinniconick Creek watershed is 655 km2 and encompasses approximately 
half of Lewis County, Kentucky. Kinniconick Creek (Figure 3) is 87 km long, has a 
gradient of approximately 2.3 meters per stream kilometer, and flows north-east 
before discharging into the Ohio River at Garrison, Kentucky. Lewis County, 
Kentucky has a maximum elevation of approximately 427 meters and drops to a 
minimum elevation of approximately 148 meters (KGS 2010). In Kinniconick Creek 
during.2007, the average mean monthly discharge was 6.44 m3/s and the average 
median monthly discharge was 3.8 m3/s (USGS 2008). However, extreme drought 
conditions in the summer months reduced the average mean daily discharge to 0.11 
m3/s and the average median daily discharge to 0.2 m3/s during the sampling period 
from July 22, 2012 to October 15, 2012. Kinniconick Creek's largest tributary is 
Laurel Fork which drains 166 km2 at the point of confluence and increases the 
watershed of Kinniconick Creek 57 .7% to 454 km2• Geology for Lewis County, 
Kentucky, includes mainly black shale and dolomite limestone with some alluvium 
(sand and silt) (KGS 2010). Portions of the Kinniconick watershed contain karst and 
fractured bedrock elements which can influence the flow of water through sinking 
streams and spring formation which could explain the lack of flow in some portions 
of the sample area (KGS 2010). The dominant land-cover type of Kinniconick Creek 
watershed is forested land (82% ), followed by scrubby/herbaceous cover (7% ), 
pasture/hay/crops (6%), and developed land (4%); (KGSGL 2007). 
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2.2 Study Area and Sampling Design 
The area of Kinniconick Creek chosen to be surveyed encompassed all 
historic records of£. macrocephala (Fig. 2); (Kornman 1983, Warren and Cicerello 
1983). The method used to select sampling areas was a stratified random sampling 
technique (Brown and Austen 1996) and was modeled after Mattingly and Galat 
(2002) and their survey of the distributional patterns of the threatened Niangua Darter 
(Etheostoma nianguae) at multiple scales. When used with lotic bodies of water, this 
technique involves subdividing a stream into distinct strata defined by physical 
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features that can be found along its entirety such as riffles, runs, pools or any 
combination of these that share similar characteristics (Brown and Austen 1996). 
Sampling reaches were designated as the crest of one riffle to the crest of the next 
riffle with a pool in between. A total of 156 sample reaches were delineated in the 
sample area from 25 May 2007 to 13 June 2007. Coordinate data was taken at the top 
of the upstream riffle and distance measurements for reaches were taken with a 
Garmin Etrex handheld Global Positioning System (GPS). Due to budgeting and time 
constraints, the planned sample area was shortened to exclude the area from the 
mouth of Indian Creek to the small farm bridge near the intersection of SR 344 and 
SR 59, a total of7.5 km. The area sampled started at a concrete culvert farm bridge 
near the intersection of SR344 and SR59, and ended near the SR 59 bridge at 
Tannery. This area covered approximately 40 stream km and included 123 sampling 
reaches. Reaches were clustered in 41 consecutive groups of three and a random 
number generator (MiniTab 2003) was used to select one reach from each group to be 
sampled for f. macrocephala by snorkeling. This yielded 41 reaches ranging in length 
from 36 to 3000 m and averaging approximately 320 meters with a median length of 
191 meters. In addition to snorkeling, the 41 reaches were clustered into 10 groups of 
four and one reach from each group randomly chosen to be sampled with seining and 
backpack electrofishing gear in an effort to gauge the effectiveness of snorkeling as a 
method for observing f. macrocephala (Mattingly and Galat 2002). Sampling 
occurred from 22 July 2007 to 15 October 2007 and 41 reaches were sampled (Fig. 4) 
for f. macrocephala in 17 field days. Stratified random sampling was the most 
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appropriate method for this type of distribution study because it allowed long 
distances to be covered in the most time-efficient manner, aided in sampling 
consistency by avoiding clumping of sampling reaches, and enables precise results to 
be obtained through a smaller sample size as opposed to traditional random sampling 
(Brown and Austen 1996). 
□ Reaches Sampled 
0 2 4 Kilometers 
Figure 4. Reaches sampled in 2007 for ;r. macrocephala in Kinniconick Creek, Lewis 
County, Kentucky. 
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2.3 Sampling for Percina macrocephala 
Snorkeling was chosen as the main technique for sampling _e. macrocephala in 
Kinniconick Creek because it works well in small to medium sized streams and 
requires the least amount of equipment (Figure 5). Snorkeling is especially useful for 
sensitive species where the use of more stressful sampling methods is not desirable 
( e.g., seining or electrofishing) or when habitat complexities preclude other sampling 
techniques (Dollhoff et al. 1996). In addition, many species do not modify their 
behavior in the presence of a snorkeler, allowing for an increased chance of obtaining 
unbiased information on abundance, distribution, habitat use, and other life history 
aspects (Dollhoff et al. 1996). 
The method used to snorkel each reach follows that of Dollhoff et al. (1996) 
and Mattingly and Galat (2002). Two snorkelers entered the stream at the 
downstream end of the reach and waited a few minutes to adjust to the water and to 
allow disturbed fauna to return to normal behavior. The researchers then snorkeled 
slowly upstream in a zigzag pattern. Snorkeling upstream increases the odds of 
making an observation because most fishes, being positively rheotaxic, face upstream 
and silt disturbed by the snorkeler will flow downstream and not hinder observations. 
Ease of identification of fish depends on the amount of light, cover, depth, turbidity, 
and the color of the substrate (Dollhoff et al. 1996); however, these factors rarely 
were limiting in Kinniconick Creek. 
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Figure 5. Snorkeling for Percina macroceohala in Kinniconick Creek, Lewis County, 
Kentucky. 
In this particular case, snorkeling as the main sampling technique was highly 
effective for£. macrocephala in Kinniconick Creek from a logistical, behavioral, and 
equipment-limitation standpoint. First, Kinniconick Creek is relatively shallow and 
narrow enough that the vast majority of the sample reaches could be thoroughly 
sampled by one or two snorkelers while minimizing chances of missed observations. 
Second, there were relatively few access points within the sampling area resulting in 
great distances being traversed by wading and/or canoeing to get to sampling reaches. 
Snorkeling allowed heavy sampling gear to be kept to a minimum aiding in 
12 
minimizing fatigue and increasing sampling speed and efficiency. Third, f. 
macrocephala is a fairly large darter (2:12 cm), spending most of its time suspended in 
the water column above the substrate, and was not frightened in the presence of 
snorkelers making observation by snorkeling relatively easy and highly effective. 
Fourth, Percina macrocephala tended to congregate above and below riffle areas 
where snorkeling was easy to accomplish. Finally, higher observations can be 
presumed with snorkeling over seining and/or electrofishing because of the tendency 
of fish to hide or become stunned under the large boulder and cobble substrate they 
appear to prefer. 
A maximum of 120 meters of each reach was snorkeled and presence-absence 
data was recorded for each fish species encountered. If the reach was less than 120 
meters, the entire reach was sampled. If the reach was longer than 120 meters, the 
reach was sub-sampled by snorkeling three 40 meter segments located at the top, 
middle, and bottom of the reach. The middle 40 meters sampled was located at the 
nearest habitat suitable for snorkeling, whether upstream or downstream, from the 
middle of the reach. 
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Figure 6. Backpack electrofishing in Kinniconick Creek, Lewis County, Kentucky. 
When reaches were sampled with a combination of methods, snorkeling of the 
site was completed first, followed by electrofishing (Figure 6), and then seining. 
Reaches were electrofished for 800-1200 seconds and the number of seine kicks and 
pulls was usually 2-10, depending upon the area of habitat suitable for sampling with 
a net ( e.g., absence of coarse woody debris). 
When _e. macrocephala was encountered, size and age class (adult or young-
of-year (YOY)) was estimated and a weighted flag was placed at the location of first 
observation. When multiple individuals were encountered in close proximity ( < 1 m 
apart), one flag would be placed to represent those fish and the minimum number 
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observed was recorded. If _e. macrocephala was encountered outside of the sample 
area ( e.g., while canoeing or wading in between sample reaches), a weighted flag was 
placed at the area of first observation and microhabitat measurements and location 
data were recorded. 
2.4 Handling of Fishes 
Fishes captured via seining and backpack electrofishing were kept in 18.9 liter 
buckets until identification and enumeration could be completed. A battery-powered 
aerator was used to minimize stress of fishes handled. If individual fish could be 
identified in the field, they were counted and released. If identification was not 
possible in the field or a voucher specimen was desired, individuals were preserved in 
10% formalin and transported back to Morehead State University (MOSU) fish lab 
where they could be identified. Once identified and counted, individuals opted to be 
vouchered were transferred to 45% isopropanol and catalogued into the MOSU fish 
collection. 
2.5 Sampling of Macrohabitat Variables 
At each reach, 13 macrohabitat variables were estimated or measured (Table 
2) to compare habitat variables among reaches with or without _e. macrocephala. 
Width (m) was measured near the top, bottom, and middle of the reach and averaged. 
Three depth measurements were taken equidistant from each other along each width 
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transect for a total of nine measurements that were averaged. Substrate composition 
was estimated for the entire reach as percent sand (0.06-2 mm), gravel (2-64 mm), 
cobble (64-256 mm), boulder (>256 mm), and bedrock. A substrate score was 
calculated using methods described by Bain (1985) in which each all percent 
substrate categories were collapsed into a single variable. This was accomplished by 
assigning each substrate category a number (bedrock=!, sand=2, gravel=3, cobble=4, 
and boulder=5) and then multiplying by the percent of the corresponding substrate, 
giving a substrate_ score range of 1-5 (100% bedrock-100% boulder). Level of 
siltation was classified as 0-0.5 mm, 0.5-2 mm, or >2 mm deep. Embeddedness was 
estimated in quarterly increments as unembedded, 25%, 50%, 75%, or fully 
embedded. 
Water chemistry measurements were taken at the midpoint of each reach 
(Table 2). If a reach exceeded I km, additional water chemistry measurements were 
taken for every km and averaged. 
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Table 2 Variables sampled at macro- and rnicrohabitat levels. Macrohabitat variables 
were taken at all stream reaches sampled. Microhabitat variables were sampled in a 1 
2 t d P hi b ti Ill area cen ere over . rnacrocen a a o serva ons . 
Level Variable How Measured 
Length of Site (m) Garmin Etrex Handheld .GPS 
Average of three measurements 
Average Width (m) with 50m taoe 
Average of nine measurement 
Average Depth (m) with meter stick 
% Substrate Comnosition Estimated Visuall v 
Substrate Score Calculated from % Substrate Composition 
Macrohabitat Siltation Level Ruler 
Embeddedness Estimated Visually 
Water Temperature (DC) 
Dissolved Oxygen (mg/L) YSI Mulitprobe (Model: 556 MPS) 
Conductivity (Os/cm) 
pH 
Turbiditv (NTU) Hach Turbidity Meter (Model: 2100P) 
Lateral Secchi (m) 20 cm Secchi Disk 
Depth (m) Meter Stick 
Current Velocitv (mis) Swoffor Flow Meter (Model: 3000) 
% Substrate Composition 1 m2 PVC Grid with 16 divisions 
Microhabitat Substrate Score Calculated from % Substrate Composition 
Siltation Ruler 
Embeddedness Estimated Visually 
Water temperature (°C), dissolved oxygen (rng/L), conductivity (µs/crn), and 
pH were measured with an YSI rnultiprobe (Model: 556 MPS). Turbidity (NTU) was 
measured with a Hach Turbidirneter (Model: 2100P). A horizontal Secchi disk (rn) 
reading was taken in order to gauge snorkeling visibility at each site (Wetzel and 
Likens 2000). To do this, a Secchi disk was placed vertically underwater and the area 
allowed to clear. A snorkeler approached the disk laterally and measured the distance 
at which the black/white contrast became distinguishable. 
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2.6 Sampling ofMicrohabitat Variables 
In any reach where f. macrocephala was observed, microhabitat variables 
were sampled to determine utilization in an effort to discern a habitat preference from 
available habitat types within the reach. Five microhabitat variables were measured 
(Table 2) after snorkeling a reach that contained f. macrocephala. 
Figure 7. Measuring microhabitat variables with Im PVC grid. 
A I m2 PVC grid with 16 equal grids was centered over the weighted flag 
with sides parallel to the nearest shore (Figure 7). Depth (m) was measured with a 
meter stick at the site of the weighted flag marking a f. macrocephala observation 
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and recorded as 'at darter'. Four additional depth measurements were taken at each 
comer of the habitat grid. Current velocity (mis) was measured with a Swoffer flow 
meter (Model: 3000) 'at darter' and at each comer of the habitat grid. Dominant 
substrate (sand, gravel, cobble, boulder, or bedrock) was estimated for each of the 16 
habitat grids. Additionally, microhabitat measurements were taken from five other 
randomly chosen areas within the reach that were snorkeled, but lacked f. 
macrocephala. These random areas were chosen by tossing a weighted flag over the 
shoulder and placing the habitat grid over the flag. 
2.7 Statistical Methods 
To estimate population numbers, density was calculated using the number of 
individuals found in the sample reaches extrapolated to the entire sample area. 
Conservation status was further analyzed by analyzing community structure (Section 
2.8) through biometric variables and association with other sensitive fish species. 
To assess f. macrocephala habitat preference, three approaches were used. 
First, Two-Sample tests were used to test the null hypothesis that habitat variable 
means did not differ between reaches or microhabitats with and without f. 
macrocephala. The Anderson-Darling Test for Normality (MiniTab 2003) and the 
Levene's Test for Homogeneity of Variances (SPSS 2006) were used, and if 
assumptions of normality and equal variance were met, then the parametric Student T 
test was used. If assumptions of normality and equality of variances could not be 
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achieved by log transformations on macro- and microhabitat variables nonparametric 
Mann-Whitney U tests were used. 
The second approach was to test for non-random habitat usage. To do this, I 
employed a statistical method similar to that utilized by Mattingly and Galat (2002) 
involving the use of a Binary Logistic Regression (BLR). The presence of r_. 
macrocephala was used to sort macro- and microhabitat data into reaches (macro) and 
I m2 areas (micro). Frequency data was tallied in all habitat variables at both scales. 
Categorical data were already aggregated so frequencies were counted from 
previously defined groups. Continuous data was divided into six equal groups based 
on the range of the variable and frequency counts tallied for each group. A Chi-
Square (x2) Test of Independence was computed for all variables and a significance 
level was assigned from the given Chi-Square (x2) statistic as outlined in Daniel 
(1978). A Spearman' s Rank Correlation Coefficient was used with variables found to 
be significant (p>0.05) with the Chi-Square (X:) Test of Independence to test for 
eligibility for use in a BLR (SPSS 2006). If two significant variables were correlated 
in the Spearman' s Correlation Coefficient (p<0.05), then one of the variables was 
removed. 
The BLR was conducted utilizing a backwards-stepwise method at both scales 
to create models to predict the presence or absence of r_. macrocephala. The 
backwards stepwise method starts with the full number of variables and then creates 
subsequent models, pulling out the least significant variable at each step till you are 
left with one variable and one constant in the final model (SPSS 2006). This approach 
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allows you to gauge the importance of variables by observing what variables are left 
in the final model. The BLR was chosen over a regular linear regression because of 
the binary nature of the response variable (present/absent), the combination of 
categorical and continuous habitat variables, and the absence of normality in nearly 
all data (Press and Wilson 1978, Pampel 2000). In addition to predicting the presence 
f. macrocephala, habitat preference is assessed using the BLR by observing habitat 
variables included in the model with the highest coefficient of determination (R 2). 
The BLR models are in the format of[//(/+!)] wherefis the linearized function of 
multiple habitat variables (Menard 2001). Model Significance was measured using 
the Hosmer and Lemeshow Chi-Square (x2) Statistic (a measure of goodness-of-fit) 
and a coefficient of determination (R 2). The Hosmer Lemeshow is a statistic that has 
a Chi-Square (x2) distribution.as long as none of the variables are correlated (Menard 
2001). For the Hosmer and Lemeshow Chi-Square Cx2), a significance level below 
0.05 indicates that a model does not significantly resemble the data and a new model 
would need to be created. The closer the coefficient of determination (R 2) is to I, the 
more closer the model is to fitting the data. 
The third method used a Principle Component Analysis (PCA) for macro- and 
microhabitat scales to identify and correlate underlying habitat factors not observed 
by the other statistical methods. Loadings near "O" have little contributing effect 
while increased loading values, either negative or positive, represent greater weight 
placed on a habitat variables effect. In the macrohabitat analysis, all principle 
components with eigenvalues greater than 1.0 were kept and plotted against each 
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other in a scatter-plot with reach number and segregated by reaches with):'.. 
macrocephala and reaches without):'.. macrocephala (SPSS 2006). 
2.8 Biometric Community Variables 
Conservation status was assessed by analyzing community structures at each 
reach with the Kentucky Index of Biotic Integrity (KIBn scores (Compton et al. 
2003, KDOW 2008), Shannon's Index of diversity (H'), and Species Richness for the 
10 reaches sampled using seining, shocking, and snorkeling and a T-Test run with 
reaches grouped based on ):'.. macrocephala presence. The KIBI and H' scores were 
also graphed in a scatter-plot against watershed area (km2) to observe trends 
associated with these variables. For the KIBI, Kinniconick Creek is located in the 
"Mountain" ichthyoregion and can have a rating of very poor (0-18), poor (19-38), 
fair (39-58), good (59-70), or excellent (>71); (KDOW 2008). The higher the H' 
means the higher the diversity. Additionally, the association of):'.. macrocephala with 
other fishes in the community was analyzed in an attempt to correlate):'.. 
macrocephala' s presence with other sensitive fish species. 
Presence-absence of all fish species encountered for all reaches sampled was 
compared to all other reaches. Correlations between each species and ):'.. 
macrocephala were calculated using the Phi Coefficient (cl>) for 2X2 contingency 
tables, in which cl> was converted to the corresponding Chi-Square Cx2) statistic to 
obtain a significance level (Table 23); (Daniel 1978). The Phi Coefficient was chosen 
over the Chi-Square Cx2) Test of Independence because it gives a more meaningful 
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measure of the strength of the association between two dichotomous variables (Daniel 
1978). Metrics from the KIBI were applied to all presence/absence fish data in all 41 
reaches to allow for a general comparison between sites as well as over the stream 
gradient (Table 3). Metrics used included Native Species Richness (NAT), Omnivore 
Species Richness (OMN), Insectivore Species Richness (INST), Darter, Madtom, and 
Sculpin Species Richness (DMS), Water Column Species Richness (WC), Intolerant 
Species Richness (INT), Tolerant Species Richness (TOL), and Simple Lithophilic 
Spawners Species Richness (SL). Each metric was then divided by the Species 
Richness (SR) to give a metric percentage of that metrics contribution to the total 
reach community. Mann-Whitney U Tests and Kolmogorov-Smimov Z tests were 
used to test if reaches with f. macrocephala differed from reaches without f .. 
macrocephala in regards to these ichthyofaunal community metrics. 
The Jaccard Coefficient of Community (CC1) was calculated (Brower et al. 
1997) for every reach against every reach. The J accard Coefficient of Community is a 
useful method for quantifying the similarity of two communities when the data 
consists of presence-absence data (Brower et al. 1997). The value of CC1 ranges from 
0 to I; 0 having no species in common, and 1, indicating all species are found in both 
reaches. Reaches with f. macrocephala were compared using the CC1 to compare 
similarities to all other reaches at the 70% level. 
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Table 3 Biometrics c;:alculated for reaches. 
Biometric 
KIBI 
Shannon's Diversity (H') 
Native Species Richness (NAT) 
Simple Lithophilic Spawners SR (SL) 
Insectivore SR (INST) 
Darter, Madtom, Sculpin SR (DMS) 
Water Column SR (WC) 
Intolerant SR (INT) 
% Native SR (%NAT) 
% Insectivore SR (%INST) 
% Darter, Madtom, Sculpin SR (%DMS) 
% Water Column SR (%WC) 
% Intolerant SR (%INT) 
% Simple Lithophilic Spawner SR (%SL) 
Omnivore SR (OMN) 
Tolerant SR (TOL) 
% Omnivore SR (%OMN) 
% Tolerant SR (%TOL) 
Jaccard Coefficient of Community (CC,) 
Phi Coefficient (<I>) 
2.9 Laurel Fork Effect 
Value 
t with higher water quality 
! with higher water quality 
Community Comparison 
Species association with P. macrocephala 
Laurel Fork adds a significant amount of watershed area and Kinniconick 
Creek could have different habitat characteristics above than below Laurel Creek's 
mouth which could have a great effect on the distribution off. macrocephala. To 
check for this, I tested for significant differences (p < 0.05) among macrohabitat 
variables sampled for all reaches above and below the confluence of Laurel Fork 
using a simple two-sample test. In addition, to detennine Laurel Forks effect on the 
distribution off. macrocephala in Kinniconick Creek, I compared macrohabitat 
variables between reaches above and below the confluence separately and by f. 
macrocephala presence or absence using the same two-sample tests. In addition, a 
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PCA was reaches above and below separately with the macrohabitat variables to see 
if the preference of habitat was the same down- and upstream of Laurel Fork. 
Additionally, a T-Test was run on all biometric variables above and below Laurel 
Fork to assess its effect on communities. 
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3.0 Results 
3.1 Distribution 
Percina macrocephala was found in 13 (31. 7%) of the 41 reaches sampled. A 
total of 94 individuals were observed (Table 4) ranging over approximately 34.5 
stream km (Figures 3 and 4); 59 of these individuals were observed within reaches 
sampled. Thirty-five additional individuals were observed in reaches not sampled; 
their location and microhabitat variables were recorded at time of observation. Of the 
!'.- macrocephala observed, 38 individuals were adults (40.4%) and 56 individuals 
were YOY (59.6%); (Table 4). 
Table 4. Number of observed P. macrocephala by age class. 
Age Class 
YOY 
Adults 
Total 
Size Range SL (mm) 
30-60 
60+ 
n 
56 
38 
94 
% Total 
59.6 
40.4 
100.00 
Percina macrocephala was found in mixed age classes, with observations from 
1-16 individuals per reach. Within a single reach, the maximum number of adults 
observed was 13 and the maximum number of YOY observed was 16 (Figure 9). 
Extrapolating from 59 individuals in the 4.23 km snorkeled to the 40 km of sample 
area; the population of!'.- macrocephala in this area would conservatively be 
estimated at 574 individuals, or 14 individuals per stream kilometer. This is 
considered a minimum estimate because this extrapolation assumes no individuals 
were missed during sampling. 
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0 0.3 0.6 1.2 Kilometers 
Figure 8. Percina macrocephala observed in 2007 in Kinniconick Creek, Lewis 
County, Kentucky. 
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Figure 9. Numbers of ;e. macrocephala per observation in Kinniconick Creek, Lewis 
County, Kentucky. 
Fifty-four individuals (57.4%) were found within 25 meters of the 
downstream end of nine reaches (Figure 10); ten of these were adults (26.3% of 
adults and 10.6% of total) and 44 of these were YOY (78.6% of YOY and 46.8% of 
total). Within 45 meters of the downstream end, 72 individuals (76.6%) were 
observed; twenty of theses were adults (52.6% of adults and 21 .3% of total) and 52 
being YOY (92.9% of YOY and 55.3% of total). Fifty-nine individuals (62.8%) were 
observed within the downstream 30% of reaches; fourteen of these were adults 
(36.8% of adults and 14.9% of total) and 45 of these were YOY (80.4% of YOY and 
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47.9% of total). Conversely, only six adults (15.8% of adults and 6.4% of total) and 
no YOY were found in the most upstream 30% of the reaches. 
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Figure 10. Distance from bottom of reach of r. macrocephala observed in 2007. 
A majority of the observations (57.45%) were made while snorkeling (Table 
5). The second most successful observation technique was spotting from above water, 
either while wading or canoeing (34.04%). Additional observations were made by 
electrofishing (7.45%) or seining (1.06%). Some specimens collected with 
electrofishing or seining were vouchered at Morehead State University. 
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Table 5. Number of P. macrocephala observed by method. 
Observation Method n 
Wading or Canoeing 
Seining 
Electrofishing 
Snorkeling 
Total 
32 
I 
7 
54 
94 
% Total 
34.04 
1.06 
7.45 
57.45 
100.00 
Most r_. macrocephala observations (88 individuals, 93.6%) (Figure 8) were 
made below the confluence of Laurel Fork, which enters Kinniconick Creek just 
below Camp Dix. Above the mouth of Laurel Fork, Kinniconick Creek's watershed is 
288 km2• Laurel Fork drains 166 km2, increasing the watershed of Kinniconick Creek 
57.7% to 453 km2• The six individuals observed above Laurel Fork were all adults. 
3.2 Macrohabitat Variables 
At the macrohabitat level, six variables were found to be significant (p<0.05, 
Table 6) using the Chi-Square (x2) Test of Independence. Significant macrohabitat 
variables that averaged higher in reaches with r_. macrocephala were average width 
(p<0.005), average depth (p<0.05), and substrate score (p<0.005). Significant 
macrohabitat variables that averaged lower in reaches with r_. macrocephala were 
water temp (p<0.005), dissolved oxygen (p<0.005), and embeddedness (p<0.005). 
Mean values for average width (p<0.003), average depth (p<0.004), and substrate 
(p<0.027) also were significantly different between reaches grouped by r_. 
macrocephala presence utilizing two-sample tests (Table 6). 
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Table 6. Significance of macrohabitat reach level variables over the sample area 
groueed br eresence of P. macroceQhala. Significant values hi~hlighted Ce<0.05). 
Macrohabitat 
Mean (Standard Deviation) Two-Sample Test 
Variable Present Absent x.2 i_ Sig. Significance 
Length (m) 607.72 (837.56) 186.23 (142.06) 5.25 0.062 
Average Width (m) 16.05 (3.53) 11.40 ( 4.38) 68.48 k 0.005 0:003 
Average Depth ( cm) 44 (24) 27 (11) 11.5 k o.oso Q.004 
H20Temp("C) 23.06 (4.54) 23.17 (4.41) 18.31 ko.oos 0.902 
Dissolved Oxygen (mg/L) 5.81 (1.36) 6.06 (1.32) 47.88 ko,oos 0.622 
pH 7.82 (0.40) 8.04 (0.42) 8.26 0.087 
Conductivity (µs/cm) 115.29 (7.49) 114.68 (10.59) 3.42 0.361 
Turbidity (NTU) 3.96 (1.23) 4.82 (2.42) 1.99 0.393 
Substrate 4.11 (1.57) 3.72 (0.64) 18.6 f2o.oos 0.021; 
Siltation (mm) 1.17 (0.28) 1.77 (1.22) 3.29 0.151 
Embeddedness (%) 23.08 (12.34) 25.89 (14.41) 0.74 ko.00$ 0.540 
3.2.1 Backwards Stepwise Binary Logistic Regression (BSBLR) 
All six variables significantly different between reaches with and without ,e. 
macroceQhala were candidates to be included in the Binary Logistic Regression 
(BLR) (Table 7). Two macrohabitat variables; Average Width and Average Depth, 
were significantly correlated (p < 0.05) (Table 7), so Average Width was excluded 
from the BLR. 
Table 7. Spearman's correlation coefficient between macrohabitat variables 
significant in the Chi-Square (x2) test of independence. Significant values highlighted 
( <0.05). 
Average Average Water 
Variable Width De);!th Tern);! D.O. Embeddedness Substrate 
Average Width b.oo 0.956 0.39 0.619 0.111 
Average Depth 0.00 0.699 0.802 0.372 0.934 
H20Temp 0.956 0.699 0.96 0.165 0.064 
D.O. 0.39 0.802 0.96 0.161 0.776 
Embeddedness 0.619 0.372 0.165 0.161 0.066 
Substrate 0.111 0.934 0.064 0.776 0.066 
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Table 8. Macrohabitat models created using a backwards stepwise binary logistic 
regression. Significant values highlighted (e<0.05). 
Hosmer 
Wald Lemeshow 
Odds 
Model Model Terms B S.E. t. Sig. Exp(B) Ratio -I Sig. R2 
A Average Depth 0.120 0.05 6.27 0.012 1.128 12.8 6.89 0.549 0.52 
H20Temp -0.189 0.14 1.76 0.184 0.828 -17.2 
Dissolved Oxygen -0.095 0.35 0.07 0.785 0.909 -9.1 
Substrate 0.465 0.25 3.51 0.061 1.593 59.3 
Embeddedness -5.736 4.50 1.63 0.202 0.003 -99.7 
Constant 
-9.973 6.70 2.22 0.137 0.000 
B Average Depth 0.122 0.05 6.42 0.01~ 1.130 13.0 9.61 0.293 0.52 
H20Temp -0.192 0.14 1.84 0.175 0.826 -17.4 
Substrate 0.466 0.24 3.70 0.054 1.594 59.4 
Embeddedness 
-5.731 4.47 1.64 0.200 0.003 -99.7 
Constant 
-10.578 6.19 2.92 0.087 0.000 
C Average Depth 0.101 0.04 6.00 Q.014 1.107 10.7 6.85 0.552 0.48 
H20Temp -0.122 0.12 1.13 0.289 0.885 -11.5 
Substrate 0.515 0.25 4.21 6.040 1.674 67.4 
Constant 
-14.087 6.20 5.16 0.023 0.000 
D Average Depth 0.093 0.04 5.96 0.015 1.097 9.7 3.19 0.922 0.45 
Substrate 0.425 0.21 3.92 0.048 1.530 53.0 
Constant -14.384 5.88 5.98 0.014 0.000 
Predictive models were constructed using a backwards stepwise binary 
logistic regression (Table 8). The four models (A-D) varied in size from 2 to 5 
variables plus a constant. Model diagnostics include the Hosmer and Lemeshow Chi-
Square (x2) Statistic (a measure of goodness-of-fit) and a coefficient of determination 
(R2). The Hosmer Lemeshow is a statistic that has a Chi-Square (x2) distribution as 
long as none of the variables are correlated (Menard 2001 ). For the Hosmer and 
Lemeshow Chi-Square (x\ a significance level below 0.05 indicates that a model 
does not significantly resemble the data and a new model would need to be created. 
Each model has a Hosmer and Lemeshow Chi-Square (x2) well above 0.05, indicating 
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all models approximate the data. Models A and B had the highest R2 values (0.52) 
even though Model B had one less variable (Dissolved Oxygen). The R2 decreased as 
the models became simpler and with depth and substrate as the only significant 
variables. 
Table 9. Macrohabitat model erediction l'erformance. 
Macrohabitat 
Predicted 
Observed P. macroceehala % Correct* 
P~ macroceehala 0 I 0 
Model A Absent 0 24 4 85.71 
Present 6 7 53.85 
Overall Percentage 75.61 
Model B Absent 0 24 4 85.71 
Present 7 6 46.15 
Overall Percentage 73.17 
Mode!C Absent 0 23 5 82.14 
Present I 6 7 53.85 
Overall Percentage 73.17 
Mode!D Absent 0 24 4 85.71 
Present I 5 8 61.54 
Overall Percenta!le 78.05 
The efficiency of the models was tested by inputting the macrohabitat data in 
each model and classifying its success in calculating the probability of finding ;e. 
macrocephala correctly (Table 9). The models' performances ranged from 73.17-
78.05% in their ability to correctly predict the presence or absence of ;e. 
macrocephala. Model "D" was the best performer (78.05%) and contained only two 
variables, depth and substrate. 
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3.2.2 Principle Component Analysis (PCA) 
Four principle components had eigenvalues greater than one (Table 10), 
which collectively explains a total of 66.94% of the variation. These four principle 
components (PC1-PC4) were rotated to maximize separation between reaches with 
and without E. macrocephala when plotted against one another. Eigenvectors (scores) 
of the 11 macrohabitat variables on these four rotated principle components are 
provided in Table 11. 
Table 10. Total variance explained by principle components. 
Initial Eigenvalues 
Component Total % of Variance Cumulative % 
I 2.31 20.96 20.96 
2 2.18 19.81 40.77 
3 1.68 15.27 56.03 
4 1.20 10.90 66.94 
5 0.84 7.65 74.59 
6 0.70 6.33 80.92 
7 0.63 5.70 86.62 
8 0.48 4.32 90.94 
9 0.45 4.10 95.04 
10 0.31 2.80 97.84 
II 0.24 2.16 100.00 
34 
Table 11. Rotated principle component matrix loadings (eigenvectors) for 
the first four principle components. Highlighted cells indicate heavily 
weighted macrohabitat variables (> +0.5 or -0.5) 
Princi12Ie Com12onents 
2 3 4 
Length (m) 0.010 0.68~ -0.012 -0.088 
Average Width (m) 0.149 0.807, 0.147 -0.046 
Average Depth ( cm) -0.156 0.722 0.007 0.186 
H20 Temp ("C) -0.264 -0.084 P,839. 0.044 
Dissolved Oxygen (mg/L) 6.642 0.143 0.306 -0.265 
pH 0.804 -0.145 -0.145 0.042 
Conductivity (µs/cm) -0.027 -0.223 bo,83~ 0.192 
Turbidity (NTU) 0.70£ 0.241 -0.191 -0.197 
Substrate f0.635 0.238 0.151 -0.384 
Siltation (mm) 0.056 -0.020 0.087 0.919 
Embeddedness (%) -0.198 0.100 -0.319 0.704 
Each principle component assigns different weight levels (eigenvectors) to 
each of the 11 macrohilbitat variables. Loadings near "0" have little contributing 
effect while increased loading values, either negative or positive, represent greater 
weights placed on habitat variables. Principle Component 1 (Table 11) is 
representative oflower substrate scores and increased dissolved oxygen, pH, and 
turbidity. Principle Component 2 is representative of greater reach lengths, average 
widths, and average depths. Principle Component 3 is representative of greater water 
temperature and lower conductivity. Principle Component 4 is representative of 
increased siltation and embeddedness. 
In Figures 11-13, scores of the 41 reaches on principle components 1-4 were 
plotted to observe macrohabitat preferences of ;e. macrocephala. Reaches where ;e. 
macrocephala was present exhibited greater stream widths, higher oxygen, pH, and 
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turbidity as well as lower water temperatures, conductivity, and levels of siltation and 
embeddedness, though total separation was not achieved. 
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Figure 11. Scores of 41 reaches sampled for 11 macrohabitat variables 
for~- macrocephala in 2007 on PC! and PC2. 
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Figure 13. Scores of 41 reaches sampled for 11 macrohabitat variables 
for ):'.. macrocephala in 2007 on PC2 and PC4. 
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3.2.3 Laurel Fork Effect 
I checked for significant differences (p < 0.05) among macrohabitat variables 
sampled for all reaches above and below the confluence of Laurel Fork using a simple 
two-sample test (Table 12). 
Table 12. Comparison of macrohabitat variables above and below Laurel Fork. 
Significant values highlighted (p<0.05). 
Mean (Standard Deviation) Two-Sample Test 
Variable Above Below Significance 
Length (m) 205.12 (152.69) 466.49 (741.12) 0.834 
Average Width (m) 11.92 (4.43) 14.10 (4.71) 0.135 
Average Depth (cm) 28 (10) 39 (23) 0.046 
H2O Temp (0 C) 21.62 (4.83) 25.07 (2.87) 0.00~ 
Dissolved Oxygen (mg/L) 5.93 (1.57) 6.04 (0.94) 0.801 
pH 8.10 (0.45) 7.81 (0.32) 0.00~ 
Conductivity (µs/cm) 116.87 (12.32) 112.32 (3.04) 0.833 
Turbidity (NTU) 4.95 (2.62) 4.04 (1.18) 0.462 
Substrate 3.76 (0.65) 3.95 (0.46) 0.198 
Siltation (mm) 1.64 (1.14) 1.50 (0.94) 0.813 
Embeddedness (%) 26.09 (14.06) 23.61 (13.48) 0.566 
To discern the effect that Laurel Fork has on the distribution off. 
macrocephala in Kinniconick Creek, I compared macrohabitat variables between 
reaches above and below the confluence separately using the same two-sample tests 
(Table 13). Above Laurel Fork f. macrocephala was observed in 2 of 23 reaches. 
Water temperature was the only macrohabitat variable found to be significantly 
different (p=0.041, Table 13) between the reaches where f. macrocephala was 
observed (15.05 °C) and reaches where f. macrocephala was not observed (22.25 °C). 
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Table 13. Comparison of macrohabitat variables significance for reaches with and 
without P. macrocephala above Laurel Fork. Significant values highlighted (p<0.05). 
Mean (Standard Deviation) Two-sample Test 
Variable Present Absent Sii,tlficance 
Length (m) 204.15 (237.38) 205.21 (151.09) 0.827 
Average Width (m) JO.I (1.65) 12.09 (4.60) 0.557 
Average Depth (cm) 32 (6) 27 (IO) 0.578 
H2O Temp (0 C) 15.05 (4.31) 22.25 (4.47) P.04~ 
Dissolved Oxygen (mg/L) 5.6 (3.68) 5.97 (1.43) 0.849 
pH 8.22 (0.34) 8.09 (0.46) 0.707 
Conductivity (µs/cm) 130 (5.66) 115.62 (12.09) 0.126 
Turbidity (NTU) 3.39 (0.45) 5.09 (2.69) 0.585 
Substrate 3.78 (0.04) 3.76 (0.68) 0.300 
Siltation (mm) 1.25 (0) 1.68 (1.19) 0.777 
Embeddedness (%) 37 .50 (17 .68) 25 (13.69) 0.226 
Below Laurel Fork f. macrocephala was observed in 11 of 18 reaches. Two 
macrohabitat variables were found to be significantly different (p < 0.05) between 
reaches where f. macrocephala was observed and reaches with or without f. 
macrocephala (Table 14). The average width (p=0.000) for reaches with f. 
macrocephala was 17.13 m and 9.35 m for reaches without f. macrocephala. 
Substrate scores were higher (p=0.004) for reaches containing f. macrocephala 
(25.94) than reaches without f. macrocephala (22.25). 
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Table 14. Macrohabitat variables for reaches below Laurel Fork with and without f. 
macrocephala. Significant values highlighted (p<0.05). 
Mean (Standard Deviation) Two-Sample Test 
Variable Present Absent Significance 
Length (m) 681.09 (893.13) 129.27 (98.38) 0.108 
Average Width (m) 17.13 (2.52) 9.35 (3.03) 0.000 
Average Depth ( cm) 46 (25) 27 (15) 0.063 
H20 Temp (0 C) 24.52 (2.76) 25.93 (3.03) 0.221 
Dissolved Oxygen (mg/L) 5.85 (0.92) 6.34 (0.95) 0.291 
pH 7.75 (0.37) 7.90 (0.18) 0.415 
Conductivity (µs/cm) I 12.62 (3.61) I 11.86 (2.06) 0.620 
Turbidity (NTU) 4.07 (1.31) 4.00 (1.05) 0.915 
Substrate 4.17 (0.20) 3.59 (0.53) 0.004 
Siltation (mm) 1.16 (0.30) 2.04 (1.34) 0.876 
Embeddedness (%) 20.45 (10.11) 28.57 (17 .25) 0.227 
3.2.4 Below Laurel Fork Principle Component Analysis 
Scatter-plots of the principle components for reaches above Laurel Fork 
showed no discernable separation of reaches with and without £. macrocephala 
observations and are not shown. 
In Table 15 (below Laurel Fork), the frrst four principle components have 
eigenvalues greater than one, contributing to 72.65% of the variance. The first four 
principle components were rotated and loadings of the ten macrohabitat variables 
evaluated (Table 16). 
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Table 15. Total variance explained by principle components for 18 
reaches below Laurel Fork. 
Initial Eigenvalues 
Component Total % of Variance Cumulative % 
1 3.056 27.78 27.78 
2 2.224 20.22 48.00 
3 1.502 13.66 61.65 
4 1.210 11.00 72.65 
5 0.862 7.84 80.49 
6 0.695 6.31 86.81 
7 0.626 5.69 92.50 
8 0.370 3.36 95.86 
9 0.312 2.84 98.70 
10 0.088 0.80 99.50 
11 0.055 0.50 100.00 
Table 16. Rotated principle component matrix loadings (eigenvectors) 
for the first four principle components of the 18 reaches below Laurel 
Fork. Highlighted cells indicate heavily weighted macrohabitat 
variables (> +0.5 or -0.5) 
Principle Components 
2 3 4 
Length (m) 0.149 0.433 0.188 0.601, 
Average Width (m) -0.322 = 0.791, 0.047 0.193 
Average Depth (cm) 0.250 P.65~ -0.167 0.010 
H2O Temp (0 C) 0.189 -0.158 0.632 f0.5411 
Dissolved Oxygen (mg/L) I];~ -0.272 0.67!\ 0.067 
pH 0.067 -0.316 0.509 -0.316 
Conductivity (µs/cm) -0.056 -0.164 ~0.812, -0.166 
Turbidity (NTU) -0.Il6 -0.060 -0.071 0.886 
Substrate -0.484 0.719 -0.062 0.010 
Siltation (mm) 6.85Z -0.178 0.245 -0.007 
Embeddedness (%) P:943 -0.048 -0.092 -0.083 
Principle Component 1 (Table 16) is representative of lower dissolved oxygen 
and higher siltation and embeddedness. Principle Component 2 is representative of 
higher average widths, average depths, and coarser substrates. Principle Component 3 
is representative of lower conductivity and higher water temperatures, dissolved 
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oxygen, and pH. Principle component 4 is representative of greater lengths and 
turbidity and lower water temperature. 
In Figures 14-16, greater separation is achieved when solely analyzing the 
reaches below the confluence of Laurel Fork. This increased severance is mainly the 
result of principal component 2 (PC2) with no appreciable separation provided by 
principal components 1, 3, or 4. Reaches containing f. macroceohala in this study 
exhibited greater substrate coarseness and increased average reach depths and widths, 
characteristics of PC2. Less separation was observed due to the lack off. 
macrocephala observations above Laurel Fork, possibly explained by a significantly 
different lack of depth and subsequently increased water temperatures in reaches 
above as opposed to reaches below. 
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3.3 Microhabitat Variables 
Microhabitat variables were collected from 53 1 m2 points with £. 
macrocephala and 85 1 m2 points without£. macrocephala. These 53 points had a 
total of 84 individuals, and average of 1.58 darters per 1 m2 point. 
Microhabitats with£. macrocephala were deeper, had slower currents, coarser 
substrate, lower siltation and greater embeddedness than microhabitats without £. 
macrocephala (Table 17). Adult£. macrocephala were found at greater average 
depths, in slower waters, in coarser substrates with lower siltation and greater 
embeddedness than YOY £. macrocephala. 
Table 17, Averages for microhabitat variables aggregated by f. macrocephala 
presence and age class. Standard deviations are in parentheses. 
Variable Absent Present Adnlts YOY 
Depth (cm) 34.54 (19.1) 46.38 (16.56) 52.36 (17.71) 40.61 (13.29) 
Current Velocity (mis) 0.06 (0.1) 0.03 (0.05) 0.02 (0.06) 0.03 (0.03) 
Substrate 3.68 (1.01) 4.11 (0.33) 4.18 (0.22) 4.05 (0.40) 
Siltation (mm) 1.39 (0.89) 1.19 (0.20) 1.18 (0.22) 1.20 (0.19) 
Embeddedness (%) 17.94 (16.19) 20.9 (17 .08) 21.59 (17.75) 19.35 (12.43) 
Non-random habitat use, Chi-Square (x2), was significant for three variables: 
depth (p < 0.005), substrate (p < 0.005), and siltation (p < 0.025) (Table 18). Depth 
was the only microhabitat variable with significantly different (p < 0.000) means 
between sites with and without £. macrocephala. It is interesting to note that some 
variable were significant with the Chi-Square (x2) test and not significant with the 
nonparametric two-sample tests. This is because the two sample tests compare the 
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means of a variable, but the Chi-Square (x2) test compares nonrandom d_istributions. 
So reaches with and without f. macrocephala can have similar means for a variable, 
but that f. macrocephala could still be highly selective in choosing habitat. 
Table 18. Two-sample test for significant differences between microhabitat variables. 
Significant values highlighted (p<0.05). 
Mean (Standard Deviation). Two-Sample Test 
Variable Present Absent x2 t_ Sig. Significance 
Depth (cm) 46.38 (16.56) 34.54 (19.10) 21.1 ko.oos 0.000 
Current Velocity (mis) 0.03 (0.05) 0.06 (0.10) 3.48 0.513 
Substrate 4.11 (0.33) 3.68 (1.01) 18.3 k_0.005 0.094 
Siltation (mm) 1.19 (0.20) 1.39 (0.89) 7.75 ~ 0.025 0.935 
Embeddedness (%) 20.9 (17.08) 17.94 (16.19) 2.07 0.301 
3.3.1 Backwards Stepwise Binary Logistic Regression Analysis 
Microhabitat models were constructed using a backwards stepwise binary 
logistic regression to predict the presence off. macrocephala. Three variables were 
significant in the Chi-Square (x2) test (Table 19). Average depth was significantly 
correlated with both siltation and substrate, so it was removed, leaving only two 
microhabitat variables for the BLR, siltation and substrate. 
Table 19. Spearman's correlation coefficient for microhabitat variables found to be 
significant in the Chi-Square (x2) test for independence. Significant values 
highlighted (p<0.05). 
Variable Average Depth Siltation Substrate 
Average Depth (l.00~ 0.033 
Siltation 0.005 0.71 
Substrate 0.033 0.71 
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The two models (A and B) used one or two variables plus a constant and give a 
probability value (0-1) for finding£. macrocephala based on the variable and constant 
coefficients (Table 20). 
Table 20. Microhabitat models created using a backwards stepwise binary logistic 
regression. Significant values highlighted (p<0.05). 
Model Model Terms B S.E. 
A Siltation -0.088 0.43 
Substrate 1.0213 0.41 
Constant 
-4.352 1.85 
B Substrate 1.0187 0.41 
Constant 
-4.512 1.68 
Wald 
i Sig. 
0.04 0.836 
6.13 0.013 
5.53 0.019 
6.14 0.013 
7.21 0.007 
Odds 
Exp(B) Ratio 
0.9154 
2.7769 
0.0129 
2.7696 
O.otl 
Hosmer 
Lemeshow 
-j Sig. R2 
6.4 0.603 0.11 
6.65 0.575 0.11 
The efficiency of the models was tested by inputting the macrohabitat data 
and calculating the probability of finding£. macrocephala correctly (Table 21). 
Model A, using both siltation and substrate, was able to correctly predict the presence 
or absence of£. macrocephala 60.87% of the time while Model B was able to 
correctly predict the presence or absence of£. macrocephala 59.42% of the time. 
Table 21. Microhabitat model prediction performance. 
Predicted 
Observed 
f. macroce11hala P. macrocel!hala % Correct 
0 0 
Model A Absent 0 77 8 90.59 
Present 46 7 13.21 
Overall Percentage 60.87 
Model B Absent 0 75 10 88:Z4 
Present 46 7 13.21 
Overall Percentage 59.42 
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3.4 Biometric Associations 
The community information gathered from the ten reaches sampled with a 
combination of seining, shocking, and snorkeling was used to analyze community 
structure. This was accomplished by comparing Kentucky Index of Biotic Integrity 
(KIBI) scores (Compton et al. 2003) and Shannon's Index of diversity (H') for the ten 
reaches (Table 22). 
Table 22. Community metrics for the reaches (n=lO) sampled with seining, shocking, 
and snorkeling. 
Species 
Reach P. macrocmhala KIBIScore KIBI Rating H' Richness 
38 Absent 63.93 Good 1.01 25 
50 Present 70.78 Good 0.95 21 
70 Absent 50.17 Fair 1.03 20 
84 Absent 59.11 Good 0.88 20 
91 Present 48.6 Fair 1.01 19 
106 Present 43.9 Fair 0.83 21 
118 Absent 39.74 Fair 0.75 16 
127 Absent 51.49 Fair 0.98 18 
138 Present 61.85 Good 1.02 23 
148 Present 55.42 Fair 0.86 24 
The average KIBI score for reaches where f. macrocephala observed was 
56.11, which for this ecoregion is in the "fair" category, with 59 being the lower limit 
for "good." Reaches where f. macrocephala was absent averaged slightly lower, 
52.88, but were still considered in the "fair" range. The average scores and ranges for 
the KIBI indicate f. macrocephala is associated with higher quality waters that are 
less disturbed, supporting their classification as a sensitive species (KDOW 2008). 
The average H' score for reaches where f. macrocephala was present and absent both 
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were calculated at 0.93. Ranges for reaches with I'_. macrocephala were observed were 
1.02-0.83 and ranges for reaches where I'_. macrocephala was absent were 1.01-0.75. 
Reaches where I'_. macrocephala was observed had a higher average species richness 
(21.6) than reaches when: I'_. macrocephala was not observed (19.8). AT-Test was 
conducted on the KIBI, H', and Species Richness between I'_. macrocephala presence 
and none were found to be significantly different. Reaches where I'_. macrocephala 
was observed averaged slightly higher in KIBI values and Species Richness numbers, 
suggesting a preference for higher quality habitats. 
The KIBI and H' scores were then graphed in a scatter-plot against watershed 
area (km2) (Figures 17 and 18) and fitted with a line of best fit to observe trends 
associated with these variables. In Figures 17 and 18, there is a general decline in 
KIBI scores and H' values as watershed size increases (downstream). 
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Presence-absence of all fish species encountered for all reaches sampled were 
compared and correlated with presence and absence off. macrocephala by 
calculating the Phi Coefficient (cl>) to obtain a significance level (Table 23) as 
described in section 2.8. Species significantly associated with f. macrocephala were 
Lythrurus fasciolaris (Rosefin Shiner), Notropis ariommus (Popeye Shiner), 
Labidesthes sicculus (Brook Silverside), Ambloplites rupestris (Rock Bass), 
Etheostoma nigrum (Johnny Darter), and Percina caprodes (Logperch). Of particular 
interest is J:'.. macrocephala's association with Notropis ariomrnus. Like f. 
macrocephala, N. ariomrnus is a simple lithophilic spawner and is considered 
intolerant (Etnier and Starnes 1993, Compton et al. 2003). Notropis ariomrnus was 
not found at any of the sites where f. macrocephala was absent and only at a handful 
of reaches where it was present, indicating possible similar habitat requirements. 
Table 23. Species significantly associated (p<0.05) with f. macrocephala based on 
the Phi Coefficient (cl>) converted to a Chi-Square (x2) statistic to obtain significance 
level. 
Species Present Absent Cl> 1(2 Significance Levels 
Lythrurus fasciolaris 76.90% 42.90% 0.3 4 <0.05 
Notropis ariommus 23.10% 0% 0.4 7 <0.01 
Labidesthes sicculus 38.50% 10.70% 0.3 4 <0.05 
AmbloJ:!lites ru11estris 69.20% 35.70% 0.3 4 <0.05 
Etheostoma nigrum 76.90% 35.70% 0.4 6 <0.025 
Percina caprodes 100.00% 64.30% 0.4 6 <0.025 
Metrics from the KIBI were applied to presence/absence fish data in all 41 
reaches to determine if reaches with f. macrocephala differed from reaches without f. 
macrocephala in regard to these ichthyofaunal community variables. Metrics that 
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were found to be significantly higher (Table 24) in reaches where r. macrocephala 
was observed include Native Species Richness (NAT), Insectivore Species Richness 
(INST), Darter, Madtom, and Sculpin Species Richness (DMS), Intolerant Species 
Richness (INT), Simple Lithophilic Spawners Species Richness (SL), Percent of 
Species' Richness that are Insectivorous (%INSCT), and Percent of Species Richness 
that are Intolerant (%INT). All seven of these metrics increase as water quality 
increases (KDOW 2008). 
Table 24. Biometric variables significantly different (p<0.05) between reaches with 
P. macrocephala and reaches without. 
Two-Sample Test 
Variable Present Absent Significance 
Native Species Richness (NS) 19.31 (3.79) 14.86 (4.39) 0.003 
Insectivore Species Richness (INSCT) 11.69 (2.39) 8.36 (3.13) 0.002 
Darter, Madtom, Sculpin Species 
Richness (DMS) 7.08 (1.04) 4.64 (1.73) 0.000 
Intolerant Species Richness (INT) 3.85 (1.21) 2.07 (1.63) 0.001 
Simple Lithophilic Spawners Species 
Richness (SL) 10.08 (1.61) 7.86 (2.19) 0.002 
Percent of Species Richness that are 
Insectivorous (%INSCT) 60.75 (5.87) 54.64 (10.15) 0.040 
Percent of Species Richness that are 
Intolerant (%INT) 19.98 (4.43) 12.84 (8.68) 0.017 
The Jaccard Coefficient of Community Similarity (CC1) was calculated to 
quantify similarity with reaches containing r. macrocephala to all other reaches based 
on fish species present (Table 25). Fish communities were considered similar if 70% 
of species were shared or dissimilar if less than 30% where shared. In regards to 
community structure, 25.0% of reaches without r. macrocephala were similar with at 
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least one reach containing f. macrocephala. In contrast, 61.5% of reaches with f. 
macrocephala were similar with at least one other reach containing f. macrocephala. 
Table 25. Jaccard coefficient significantly different between reaches with f. 
macrocephala and reaches without. Significant values highlighted (p<0.05). 
Two-Sample Test 
Jaccard Coefficient Present Absent Significance 
All reaches similarity (Jaccard >0.70) 3.08 (2.66) 2.5 (2.73) 0.422 
All reaches dissimilarity (Jaccard <0.30) 2.23 (0.73) 3.61 (6.88) 0.238 
Similarity to reaches with r. macrocephala 
(Jaccard >0.70) 1.54 (1.66) 0.49 (0.88) 0.187 
Dissimilarity to reaches with P. macrocephala 
(Jaccard >0. 70) I (0) 1 (3.17) 0.000 
3.4.1 Laurel Fork Effect 
As mentioned in section 3.2.4, Laurel Fork appears to be influential in the 
distribution off. macrocephala in Kinniconick Creek. If the effect Laurel Fork 
exhibits on the distribution off. macrocephala is valid, then other species should be 
affected as well and fish communities should differ above and below the Laurel Fork. 
In Table 26, three variables are significantly different (p < 0.05) between reaches 
above and below Laurel Fork. There are a significantly greater number (p=0.005) of 
reaches below Laurel Fork that are greater than 70% dissimilar from reaches with f. 
macrocephala. Below the confluence of Laurel Fork, there is also a significantly 
different quantity of reaches with greater numbers of intolerant species (p=0.003) as 
well as reaches with a higher percentage of their species richness made up of 
intolerant species (p=0.005). 
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Table 26. Biometric variables significantly different (p<0.05) above and below 
Laurel Fork. 
Two-Sample 
Test 
Biometric Variable Above Below Significance 
Dissimilarity to reaches with f. macrocephala 
(Jaccard >0.70) 0.26 (0.69) 1.94 (3.70) 0.005 
Intolerant species richness (INT) 1.96 (1.46) 3.5 (1.65) 0.003 
Percent of species richness that are intolerant 
(%INT) 11.43 (7.18) 19.80 (7.18) 0.005 
Above Laurel Fork, five biometric variables were significantly different 
(p<0.005) between reaches where f. macrocephala was observed present and reaches 
where f. macrocephala was not observed present (Table 27). Above Laurel Fork, 
there was a significantly greater number of reaches that were greater than 70% similar 
to reaches with f. macrocephala (p=0.028), reaches that were greater than 70% 
dissimilar to reaches with f. macrocephala (p=0.003), Insectivore Species Richness 
(p=0.024), Darter, Madtom, Sculpin Species Richness (p=0.025), and reaches with 
higher percentages of their Species Richness made up of Insectivorous species 
(p=0.021). 
Table 27. Biometric variables above Laurel Fork significantly different (p<0.05) 
based on P. macrocephala presence. 
Two-Sample 
Test 
Biometric Variable Present Absent Sii,tlficance 
Similarity to reaches with f. macrocephala (Jaccard 
>0.70) 2.5 (2.12) 0.48 (0.93) 0.028 
Dissimilarity to reaches with f. macrocephala 
(J accard >0. 70) I (0) 0.19 (0.68) 0.003 
Insectivore Species Richness (INSCT) 13.5 (2.12) 8.57 (2.77) 0.024 
Darter, Madtom, Sculpin Species Richness (OMS) 7.5 (0.71) 4.90 (1.34) 0.025 
Percent of Species Richness that are Insectivorous 
(%INSCT) 64.19 (1.46) 55.39 (7.30) 0.021 
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Below Laurel Fork, eight biometric variables were significantly different (p 
<0.005) between reaches where ,e. macrocephala was observed present and reaches 
where ,e. macrocephala was not observed (Table 28). Below Laurel Fork, there was a 
significantly greater number of reaches that were less than 70% dissimilar to reaches 
with _e. macrocephala (p=0.025), greater Native Species Richness (p=0.027), greater 
Omnivore Species Richness (p=0.033), Insectivore Species Richness (p=0.031), 
Darter, Madtom, Sculpin Species Richness (p=0.005), greater numbers of Tolerant 
Species Richness (p=0.023), reaches with higher percentages of their Species 
Richness made up of Darters, Madtoms, and Sculpin species (p=0.27), and less 
numbers of Water Column species (p=0.004). 
Table 28. Biometric variables below Laurel Fork significantly different (p<0.05) 
· based on P. macrocephala presence. 
Biometric Variable 
Dissimilarity to reaches with f. macrocephala (Jaccard 
>0.70) 
Native Species Richness (NS) 
Omnivore Species Richness (OMN) 
Insectivore Species Richness (INSCT) 
Darter, Madtom, Sculpin Species Richness (DMS) 
Tolerant Species Richness (TOL) 
Percent of species richness that are Darter, Madtom, or 
Present 
I (0) 
19 (3.97) 
1.27 (0.47) 
11.36 (2.38) 
7 (1.09) 
2.45 (0.69) 
Absent 
3.43 (5.89) 
13.57 (5.50) 
0.71 (0.49) 
7.71 (4.23) 
3.86 (2.54) 
1.71 (0.49) 
Sculpin (%DMS) 38.34 (9.61) 24.91 (13.89) 
Percent of species richness that are water column (%WC) 38.99 (9.43) 57.35 (13.79) 
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Two-Sample 
Test 
Significance 
0.025 
0.027 
0.033 
0.031 
0.005 
0.023 
0.027 
0.004 
4.0 Discussion 
4.1 Distribution 
Three major distributional findings emerged from this study for Percina 
macrocephala in Kinniconick Creek, Lewis County, Kentucky. First, f. macrocephala 
persists in Kinniconick Creek and in greater numbers than expected. The continued 
presence off. macrocephala was confirmed with a total of 94 individuals observed. 
The species appears to be sparsely distributed over the entire sample area, though 
locally common in suitable habitats. The majority (91.49%) of these observations 
were made while snorkeling, wading, or canoeing. Electrofishing and seining 
required more equipment and preparation and was less effective in locating f. 
macrocephala than snorkeling. 
Second, f. macrocephala was commonly found in groups of three or more and 
in mixed age classes including young-of-the-year. This provides evidence that they 
are gregarious and that recruitment and reproduction are taking place. Unfortunately, 
there is a lack of information pertaining to f. macrocephala home ranges and general 
behavior including cohort dispersal (seasonal timing and distances traveled) and 
location of breeding sites. It is doubtful if there is much if any intraspecific 
competition among cohorts given the observed social groupings off. macrocephala. 
The majority off. macrocephala observations were in the 45 meters above a riffle 
and was comprised of both adults and YOY. Adult f. macrocephala were the only age 
class observed below any of the riffles. 
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Third, the majority of the observations were made below the mouth of Laurel 
Fork. This sporadic distribution pattern of Percina macrocephala suggests the 
possibility that separate ecosystem types occur above and below the confluence and 
could be evidence of a source-sink dynamic. Source populations are characterized by 
having greater natality (birth) rates than mortality ( death) rates allowing for a surplus 
of population that can then disperse to neighboring areas (Molles 2005). Sink 
populations are the opposite of that relationship (greater deaths than births), usually 
due to a harsher environment with one or more limiting factors (Molles 2005). It was 
observed that the portion of Kinniconick Creek below the confluence of Laurel Fork 
had flow and maintained the riffle-run-pool construct even during the extreme low 
flows of 2007. The portion above the confluence of Laurel Fork dried to isolated 
pools with no discernable flow and less favorable conditions observed (higher 
temperature, lower dissolved oxygen). In areas where r. macrocephala was abundant, 
habitat variables could be more conducive to long term perpetuation of the population 
and act as the population source. The stream portion above Laurel Fork where few E. 
macrocephala were observed (all adults, no YOY), may lack optimal habitat due to 
flow stability issues and receive occasional immigration, acting as a population sink. 
The observed distributional pattern of E- macrocephala could be affected by 
extreme drought conditions. In drought-induced intermittent stream environments, the 
water temperature has been known to increase (Labbe and Pausch 2000). Fishes have 
been known to migrate downstream to avoid drought conditions (Winston et al. 
1991 ), which could explain the bulk of the observations below the confluence of 
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Laurel Fork. Sampling during a year of normal flow could address this question, 
assuming that the population has time to rebound. Though sporadically distributed, f. 
macrocephala appears have a viable population in Kinniconick Creek. 
4.2 Macro- and Microhabitat Characteristics 
Macro- and Microhabitat variables that were consistently significant were 
substrate and depth. f. macrocephala seemed to prefer deeper reaches with coarser 
substrates of cobble and boulder. 
4.2.1 Physical Characteristics - Larger Pools 
The distribution of fishes has been suggested to rely mostly upon the nested 
interactions between different spatial scales (Dauwalter et al. 2007, McClendon and 
Rabeni 1987, Rabeni and Sowa 1996). The microhabitat variables measured at a 
microscale can have an effect on the· distribution of a species within a reach 
(Sutherland et al. 2002), but less influence on its distribution and population 
dynamics within the whole stream (Dauwalter et al. 2007). Distribution within the 
entire stream depends mostly on the large-scale processes that affect reach level 
characteristics, such as the amount of coarse substrates or levels of embeddedness. 
Sutherland et al. (2002) observed that local reach characteristics (sedimentation) can 
indeed effect the distribution of fishes within a reach. He did note, however, that even 
streams with undesirable characteristics (high sediment loads) can contain species 
that require clean substrates (such as f. macrocephala) as long as specific reach level 
characteristics allow for minimization of the negative variable. 
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Densities of certain fish species have been shown to be related to reach 
morphology and channel unit characteristics (Dauwalter et al. 2007). Percina 
macrocephala in this study was observed in reaches with greater length. Reaches 
containing):'.. macrocephala were significantly wider (16.05 meters vs. 11.4 meters) 
and deeper ( 44 cm vs. 27 cm). Larger pools (Figure 19) could provide a more stable 
environment by ameliorating the effects of drought (Matthews 1998) or storm surges 
(Pearsons et al. 1992). 
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Figure 19. Large pool in Kinniconick Creek, Lewis County, Kentucky. 
Within these larger reaches, ):'.. macrocephala was most often observed just 
above a riffle at the end of a long pool. The location could provide):'.. macrocephala 
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with two possible escape routes in the face of danger, either downstream through the 
riffle's fast current or upstream into deeper water depending of the nature of the 
predator threatening them. Location near a riffle may also provide f'.. macrocephala 
with higher densities of preferred food. Roell and Orth (1992) report higher crayfish 
production in riffles than in pools. Crayfish could be an important item in the diet of 
f'.. macrocephala in Kinniconick Creek, as Page (1978) reports crayfish in the stomach 
contents of specimens from the Green River drainage. Positioning near the head of a 
riffle could prove to be the most efficient location to obtain energy as described by 
Optimal Foraging Theory (Molles 2005). It is possible, but not likely, that f'.. 
macrocephala is staging in these areas to take advantage of drift events of 
macroinvertebrates from the pools. Insect drift, which is primarily a night activity by 
some macroinvertebrates (Cowel and Carew 1976), is probably not an important 
factor for the positioning of darters in a stream because they are visual predators 
(Paine et al. 1981). Percina macrocephala may have a preference for larger pools 
because of decreased predation potential. Dauwalter et al. (2007) discovered that 
reaches in large streams with a higher riffle-pool ratio resulting in less pool overall 
had higher densities of smallmouth bass. 
Predation has been shown to reduce darter densities in pools and aggregate 
populations. Labbe and Fausch (2000) observed that Northern Pike (Esox lucius) 
preyed on darters and increased predator densities acted as a barrier to movement, 
effectively isolating upstream populations from downstream populations and 
restricting dispersal. Because of this, larger pools may act to block dispersal 
59 
corridors, with f'.. macrocephala being preyed upon by piscivorous predators as they 
travel through it (Matthews et al. 1994 ), causing an increased density within 
riffle/pool transition areas. 
4.2.2 Water Chemistry 
Of the water's physical (water temperature and turbidity) and chemical 
(dissolved oxygen, pH, and conductivity) variables measured during this study, only 
water temperature and dissolved oxygen were significantly different between reaches 
with or without Percina macrocephala. Reaches where f'.. macrocephala was observed 
had statistically significantly lower water temperatures (23.06°C vs. 23.17°C) and 
lower dissolved oxygen (5.81 mg/L vs. 6.06 mg/L), but were well within the assumed 
tolerance levels of both. Though statistically significant, I assume that these results 
are circumstantial (most likely linked to depth of the larger pools or other habitats) 
and not very useful for making biologically meaningful inferences about the habitat 
preference of ;e. macrocephala. 
4.2.3 Substrate Composition 
Substrate composition is one of the most influential habitat variables affecting 
the distribution of darters (Page 1983). Across the whole sample area, Percina 
macrocephala was found in reaches with significantly coarser (p<0.05) substrate 
scores (mostly boulder and cobble sizes) at the reach and within-reach levels (Table 
29). Above Laurel Fork, the substrate scores were rather uniform between reaches 
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where _e. macrocephala was observed and not observed, but there were too few 
observations for a meaningful comparison (n=2 for ;f. macrocephala present). Below 
Laurel Fork, substrate was significantly coarser in reaches where _e. macrocephala 
was observed (Table 29). Increased observations of Percina macrocephala in reaches 
below the confluence of Laurel Fork could be attributed to the greater percentage of 
its preferred substrate habitat. 
Table 29 Average size of substrate (mm) compared to average substrate scores (in 
parentheses). Percenct difference of both substrate size (mm) and substrate scores (in 
parentheses). 
Laurel Fork 
Macrohabitat 
Whole Sample Area 
Above Laurel Fork 
Below Laurel Fork 
Microhabitat 
Whole Sample Area 
Age Class 
Above 
49.12 (3.76) 
Present 
85.12 (4.11) 
50.36 (3.78) 
96.64 (4.17) 
Present 
85.12 (4.11) 
Adult 
98.56 (4.18) 
Below % Difference 
60.9 (3.95) 24.98 (5.05) 
Absent % Difference 
46.64 (3.95) 82.50 (4.05) 
49.12 (3.76) 2.52 (0.53) 
38.58 (3.59) 150.49 (16.16) 
Absent % Difference 
44.16 (3.68) 92.75 (11.68) 
YOY % Difference 
73.6 (4.05) 33.91 (3.21) 
In Table 29, the column marked "% Difference" relates the substrate scores to 
difference in millimeters of substrate particle size to understand actual substrate sizes 
with witch _e. macrocephala associates. Unlike the substrate score, size of substrate 
(sand, gravel, cobble, boulder, bedrock) is not aggregated by equal units and increase 
rapidly in size from one category to the next (sand (0.06-2 mm), gravel (2-64 mm), 
cobble (64-256 mm), boulder (>256 mm), and bedrock), making differences more 
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apparent when looking at size of substrate in millimeters as opposed to a substrate 
score. Thus, the "% Difference" column represents the percent difference based on 
the two columns to the left (Above vs. Below, Present vs. Absent, or Adult vs. YOY) 
which are substrate categories converted to millimeters and the original substrate 
scores in parenthesis. For example, the size of the substrate for reaches below Laurel 
Fork based on,!".. macrocephala presence is 150.49% greater size in mm (96.64 mm 
vs. 38.58 mm) and 16.16% greater is size based on substrate scores (4.17 vs. 3.59). 
Figure 20. High quality Percina macrocephala habitat in Kinniconick Creek, Lewis 
County, Kentucky consisting mostly of boulder and cobble substrates. 
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At the microhabitat scale, ):'.. macrocephala was observed to prefer coarser 
substrates (Figure 20, Table 29). Similarly, Welsh and Perry (1998) observed):'.. 
macrocephala over substrates sizes of 50-100 mm diameter and Greenberg (1991) 
observed):'.. williamsi (sister to):'.. macrocephala) over substrate sizes of 119 mm. 
Greenberg (1991) found that Percina species rarely resided under cover or rocks but 
increased its frequency under rocks at night. Larger substrates offer greater crevice 
size and therefore increased protection for a large darter like ):'.. macrocephala. The 
larger substrate has increased interstitial space and further ability to contain desired 
prey items. Welsh and Perry (1998) observed]:'.. macrocephala foraging around the 
base of rocks while Greenberg (1991) observed]:'.. williamsi feeding on 
macroinvertebrates located on rock surfaces. David Eisenhour and I observed]:'.. 
macrocephala consume a small dragonfly nymph, probably a member of the family 
Macromiidae, among boulders. 
4.2.4 Siltation and Embeddedness 
Mean Siltation and Embeddedness were lower for reaches where Percina 
macrocephala was observed, but were not statistically significant. At the microhabitat 
scale, ):'.. macrocephala was found in areas where the average depth of siltation was 
1.19 mm, about the midrange of the scale for this study, and 20.9% embeddedness. 
Greenberg (1991) found ):'.. macrocephala most often in areas with an average of 
46.9% siltation, an amount that is high relative to other darters studied. 
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Increased levels of siltation have been shown to smother eggs (Lenat et al. 
1981), increase turbidity (Aitken 1936), and decrease interstitial space (Moring 
1982), food availability, and refugia (Chapman 1962). Increased levels of 
embeddedness have a similar effect; they have been shown to decrease interstitial 
space and decrease available food, refugia, and decrease substrate coarseness 
(Sutherland et al. 2002). 
Percina macrocephala could be present in these high embeddedness and 
siltation situations for several reasons: First, the observation could be coincidental 
considering they were most often found at the ends of large pools with low flow 
where suspended items tend to settle. Second, it could be that higher siltation levels 
do not troubler_. macrocephala in its daily routine. Percina macrocephala has been 
shown to spend greater amounts of time in the water column (Smart and Gee 1979, 
Page 1983, Page and Swofford 1984, Greenberg 1991, Welsh and Perry 1998) than 
other darters. Third, r_. macrocephala could follow another active substrate forager 
(e.g., Moxostoma suckers) taking advantage of exposed prey. Percina caprodes was 
observed at almost every site in the study area and is know to flip over rocks with its 
snout while foraging. 
4.2.SDepth 
In this study, r_. macrocephala was observed at an average depth of 46.38 cm. 
Similarly, Welsh and Perry ( 1998) found r_. macrocephala at an average depth of 48 
cm and Greenberg (1991) found r_. williamsi at an average depth of 65.0 cm. Adult r_. 
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macrocephala were found at greater average depths (52.4 cm) than YOY f. 
macrocephala (40.6 cm). Schlosser (1987) concluded that adult individuals will 
utilize deeper water to avoid wading and diving predators and, because of larger body 
size, are more resistant to predation from swimming predators. Conversely, smaller 
body sized fishes (YOY) were shown to utilize shallower water to avoid swimming 
predators. 
4.2.6 Current Velocity 
Current velocities at locations where f. macrocephala were observed averaged 
0.03 cm/sec. In the Elk River, West Virginia, Welsh and Perry (1998) found f. 
macrocephala occupying areas with relatively little flow (approx 14.2 cm/sec) in the 
riffle/pool transition habitats. In the Little River, Tennessee, Greenberg (1991) 
observed f. williamsi to inhabit areas with no current. Percina macrocephala has been 
shown to prefer slower current velocities than other Percina species including f. 
aurantiaca (Tangerine Darter), f. caprodes (Logperch), f. burtoni (Blotchside 
Logperch), f. evides (Gilt Darter), and other sympatric Etheostoma species 
(Greenberg 1991, Welsh and Perry 1998). 
In this slower water f. macrocephala spends a great amount of time above the 
substrate in the water column (Smart and Gee 1979, Page 1983, Page and Swofford 
1984, Greenberg 1991, Welsh and Perry 1998). Greenberg (1991) calculated that f. 
williamsi spent 61 % of its time in the water column and was highly mobile, with the 
lowest residency rates of any Percina studied. This behavior was extensively observed 
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but not quantified in this study. Greenberg (1991) comments that Percina species are 
more exposed to predation because of this behavior but their cryptic color patterns, 
larger size, and assumed better swimming capabilities reduce predation risk (Page 
1983, Page and Swofford 1984). 
Morphology plays an integral role in the feeding behavior and habitat 
preference of darters (Page and Swofford 1984). Relationships have been shown 
between the distribution of crayfish species and their station-holding ability in 
currents (Maude and Williams 1983), a concept similar to Matthews' (1985) critical 
current speed for two species of darters. Mentioned previously, _e. macrocephala was 
observed pausing for several seconds at each rock while feeding, a behavior that 
Welsh and Perry (1998) comment would be a difficult feeding style in high velocity 
waters. Slower current velocities require less energy to maintain position in, which is 
advantageous for larger bodied darters (Matthews 1985). Percina macrocephala is too 
large to take advantage of the thin layer of non-flow just about the surface of the 
substrate (Matthews 1985) 
4.2.1 Macrophytes 
Percina macrocephala (adults and YOY) was frequently observed in this study 
to be near or in patches of Justicia americana (Water Willow), though a relationship 
was not quantified in this study. Welsh and Perry (1998) mention that J.R. Stauffer 
(through personal communication), observed _e. macrocephala near beds of Justicia. 
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Greenberg (1991) observed f. williamsi being associated with an average percent 
cover of Podostemum ceratophyllum (Riverweed) of 3.9%. 
4.3 Biometric Associations 
4.3.1 Kentucky Index of Biotic Integrity (KIBI) and Shannon Diversity Index (H') 
In this study, using the KIBI and H', I sought to associate the presence 
off. macrocephala's current status within Kinniconick Creek to the general condition 
of the ecosystem within which it lived. Increased diversity within the reach 
communities indicates a more complex habitat heterogeneity (Molles 2005). The 
additional complex habitats equate to more "specialist" species, which indicates less 
habitat modification and higher biological integrity (Aitkens 1936, Wood and Bain 
1995, Stauffer et al. 1996). 
In this study, a declining habitat gradient was represented by changes in 
corresponding fish communities in a downstream trend and reflected by a steady 
decline in the KIBI and H' values (see Table 22, Figures 12 and 13). The greatest 
number of reaches containing f. macrocephala was in the downstream portion of the 
sample area below the confluence of Laurel Fork. Reaches where f. macrocephala 
was observed in the lower portion of the sampling area scored high on the KIBI and 
H' values even amongst the overall declining KIBI and H' values, appearing to 
represent isolated stretches of higher water quality/habitat complexity. This indicates 
that even if community degrades in the downstream direction, f. macrocephala will 
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be found in specific areas that provide higher quality habitat that will support 
increased assemblage structure and diversity. 
4.3.2 Jaccard Coefficient of Community (CCj) and the KIBI Metrics 
The Jaccard Coefficient of Community (CCj) suggests that a greater 
percentage of the reaches containing f. macrocephala were very similar to other 
reaches containing ;e. macrocephala. 
Metrics from the Kentucky Index of Biotic Integrity (KIBI) (Compton et al. 
2003, KDOW 2008) illustrated the same differences in communities based on the 
presence or absence off. macrocephala and provide further information on presence 
and abundance of different guilds within the separate reaches. This was done to 
correlate indicators of higher water quality (KIBI metrics) to the presence off. 
macrocephala to support its listing as a sensitive species that requires an unimpacted 
environment. Of the 16 metrics that were calculated from the KIBI, seven metrics 
were significantly higher in reaches with ;e. macrocephala. All of these are 
characteristically higher in reaches with increased water quality and habitat 
diversity/suitability (KDOW 2008). The presence of ;e. macrocephala was 
significantly correlated with seven metrics characteristic of quality habitats, which 
supports ;e. macrocephala as requiring higher quality habitats. 
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4.3.3 Phi Coefficient ( tP) for Species Associations 
The Jaccard Coefficient of Community Similarity (CCj) compared community 
structure between reaches within the sample area, based on Percina macrocephala' s 
presence: The KIBI metrics further evaluated similarity in guilds and ecological 
groups. The Phi coefficient was used to measure association between the presence of 
£. macrocephala to the presence or absence of other fish species. Percina 
macrocephala was significantly correlated with six other species: Lythrurus 
fasciolaris, Notropis ariommus, Labidesthes sicculus, Ambloplites rupestris, 
Etheostoma nigrum, and Percina caprodes. Notropis ariommus had the strongest 
association with£. macrocephala and is considered Intolerant by Compton et al. 
(2003). Five species are insectivores (excluding A. rupestris), and two species are 
simple lithophilic spawners (N. ariommus and £. ca pro des). 
4.4 Habitat Preferences and Resource Partitioning 
Fishes have been found to partition resources on axes of current velocity 
(Lenat et al. 1981, Kessler and Thorp 1993, Hayes and Jowett 1994, Wood and Bain 
1995), depth (Kessler and Thorp 1993, Chipps et al. 1994, Hayes and Jowett 1994, 
Wood and Bain 1995, Stauffer et al. 1996), substrate (Hlohowskyj and Wissing 1986, 
Kessler and Thorp 1993, Wood and Bain 1995), feeding (Paine et al. 1981, 
Hlohowskyj and Wissing 1986), size (Kessler and Thorp 1993, Chipps et al. 1994), 
and presence ofmacrophytes (Hlohowskyj and Wissing 1986, Wood and Bain 1995). 
In this study, the most important habitat variables for influencing£. macrocephala 
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distribution appear to be depth and substrates coarseness. It is possible that this 
perceived habitat inclination off'.. macrocephala is a variation of its true preference, 
with its optimal habitat observations being distorted by the influence of intra- and/or 
interspecific competition resulting in resource partitioning. 
Specialization and habitat segregation is expected to be high among darters 
because they are members of the same feeding guild (Stauffer et al. 1996). Habitat is 
considered to be the major factor in the organization of stream communities (Wood 
and Bain 1995). Hlohowskyj and Wissing (1986) noted that combinations of substrate 
type, depth, and current velocity provide copious combinations that allow for 
interspecific competing species to coexist. Chipps et al. (1994) noted that sympatric 
darter species segregated in streams based on depth, current velocity, and substrate 
type. Chipps et al. (1994) discuss that the patterns of habitat utilization they observed 
bolsters the idea that morphological variation between coexisting darters is crucial for 
organizing benthic communities. 
Habitat preferences of stream fishes have been shown to correlate with 
morphological features (Page and Swofford 1984, Chipps et al. 1994, Wood and Bain 
1995). Percina macrocephala is found in areas with low current velocities and has, 
just as Page and Swofford (1984) described for species in slower waters, a slender 
fusiform body and narrow caudal peduncle. Similarly, Wood and Bain (1995) found 
that morphology can be predicted from habitat use which supports the hypothesis that 
ecology and morphology of fishes are associated. Somewhat contradictory, Paine et 
al. ( 1981), stated that diets and feeding behavior of fishes they observed were related 
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to their morphology, but no association between morphology and habitat preference 
was found. 
Different habitat requirements may be requisite at different life stages thus 
presenting the need for migration (Labbe and Pausch 2000). This could explain why 
only adult ;e. macrocephala were found at some reaches and only YOY at others. 
Even in reaches where they were together, adults where found in deeper water than 
YOY ;e. macrocephala. Adult ;e. macrocephala, being larger and more capable 
swimmers, have a greater chance of avoiding predation by swimming predators than 
do the YOY and are larger targets for wading predators. 
A hierarchy appears to exist, as some species appear to be a specialist with 
some habitat variables, and a generalist when it comes to others. Hlohowskyj and· 
Wissing (1986) state that fantail darters (Etheostoma flabellare) and greenside darters 
CT;;. blennioides) preferred larger substrates independent of other variables. Wood and 
Bain (1995), however, determined that current velocity is more important than 
substrate type, because substrate type is dependent on current velocity. Schoener 
(1974) states that animals partition resources by, in order of importance: habitat, food, 
and time. 
Following trends consistent with the data collected in this study, I consider 
substrate to be the most important factor affecting£. macrocephala distribution 
followed by depth and current velocity. The coarser substrates that£. macrocephala 
has been associated with in this study and in others (Greenberg 1991, Welsh and 
Perry 1998}provide protection and food in the spacious interstitial cavities. Depth is 
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considered more important than current velocity because too little depth is 
immediately detrimental. Decreased depth affords less protection from wading avian 
and terrestrial predators while increased depth (> 1 m) provides _e. macrocephala the 
benefit of options as to what level to occupy based on motivating factors such as 
predation pressure and inter- and intraspecific competition. A complete lack of flow 
would not pose a major threat to _e. macrocephala, although too much would not be 
conducive to the feeding style observed by Welsh and Perry (1998) and maintaining 
position in the water column would require greater amounts of energy. 
Paine et al. (1981) states that optimum habitat preferences may be overridden 
if the availability of suitable prey is elsewhere, even to the degree of making oneself 
more susceptible to predation. Hayes and Jowett (1994) assert than observed 
differences in habitat preference between the same species in different streams is a 
function of habitat availability within each stream. The distribution of _e. 
macrocephala could be a function of different amount of available suitable habitat 
above and below the confluence of Laurel Fork. 
Matthews (1986) suggests that physical characteristics of individual reaches 
are related more with community changes and fish placement over the stream 
gradient than stream order. However, stream order and size could play more of an 
indirect role in distribution of _e. macrocephala. Percina macrocephala was only found 
in the lower portions of the study area suggesting most of what _e. macrocephala 
requires to support its existence (food, shelter, temperature, etc.) is present. These 
preferable parameters are most likely functions of the stream size and individual 
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stream unit locations within the watershed. Macroinvertebrate assemblages have been 
shown to be correlated to stream size (Heino et al. 2005) as is the abundance of 
suitable winter habitat (Naiman et al. 1987). 
4.5 Possible Threats Observed 
Throughout the course of this study, numerous conditions or activities were 
observed that act as possible threats to Percina macrocephala and the biological 
integrity of Kinniconick Creek. They include embeddedness and sedimentation 
caused by siltation, cattle grazing, riparian zone destruction, gravel mining and 
stockpiling, road crossings, and drought. 
4.5.l Embeddedness 
Percina macrocephala is a simple lithophilic spawner (Compton et al. 2003, 
KDOW 2008), which means they spawn into crevices in the substrate, and are usually 
associated with reaches having lower embeddedness levels. The direct effect of 
embeddedness is the clogging of interstitial spaces (Sylte and Fischenich 2002). 
Clogged interstitial spaces can lead to lower dissolved oxygen in interstitial waters 
(Sutherland et al. 2002), which could have negative effects on egg survivability of£. 
macrocephala. Erosion caused by anthropogenic disturbances results in increased 
sedimentation and bedload transport in streams which leads to clogged interstitial 
spaces (Sutherland et al. 2002). The amount of available interstitial space directly 
influences stream benthic communities by altering the area available for feeding, 
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refugia, and reproduction (Aitkin 1936, Sutherland et al. 2002). Lenat et al. (1981) 
showed that as sediments were added to a system, available substrate habitat was 
diminished corresponding with a decrease in macroinvertebrate density and 
community structure. Percina macrocephala is a large darter and has been associated 
with larger substrates (Greenberg 1991, Welsh and Perry 1998, this study). Larger 
substrates provide larger fishes with an increased number of large crevices to seek 
refuge. Hlohowskyj and Wissing (1986) hypothesized that the large body size of the 
greenside darter (Etheostoma blennioides) restricted its access to the larger crevices 
that correspond with the larger size substrates. 
Specialization of benthic fishes in streams decreases as anthropogenic 
disturbances that cause increased levels of siltation increases (Sutherland et al. 2002). 
As disturbance increases, there is a shift in the community structure from numerous 
"specialist" species (species that require a very narrow range of habitat variables to 
survive) to primarily "generalist" species (species that can survive in a wide range of 
habitats) (Aitken 1936). 
4.5.2 Sedimentation/Siltation 
Increased sedimentation lowers the amount of available habitat and, while the 
relative structure of the community changes little initially, individual species density 
decreases (Lenat et al. 1981 ). Increased sedimentation in streams is brought about by 
lack of good farming practices (Aitken 1936), logging, and road building (Moring 
1982). Preventative measures that help ameliorate the effects of anthropogenic 
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siltation include better crop management such as terracing (Aitken 1936) and 
leaving/repairing riparian zones at least 30 meters wide (Aitkens 1936, Moring 1982). 
Siltation loads have a very similar effect as embeddedness and a potentially 
devastating consequence for f. macrocephala. High levels of silt are associated with 
decreased fish abundance and changes in fish assemblages (Jones et al. 1999). Percina 
macrocephala was associated with reaches with an average silt depth of 1.17 mm, 
lower than reaches where f. macrocephala was found to be absent. High siltation 
depths (>l mm) can result in high egg mortality (Ritchie 1972). 
Anthropogenic alterations of sediment transport in streams is a growing 
concern (Sutherland et al. 2002) and was shown to be higher in streams with 
disturbance in the watershed that decreased overall vegetation. Increased land-
disturbance activities (logging, riparian zone destruction) decreases habitat 
heterogeneity and have been shown to increase sediment input and deposition in 
streams by increasing overland flow and erosion (Sutherland et al. 2002). 
Aitken (1936) showed that as sedimentation levels increase in streams, the 
number of native species decrease. These benthic communities change with the 
stability of substrates and deposition of silt, which is dependent on flow (Lenat et al. 
1981 ). This could explain why Percina macrocephala positioned itself at the end of 
large pools. This position would allow many of the particles suspended in the water 
column to settle out allowing for "cleaner" substrate toward the end of the pool. 
75 
4.5.3 Cattle Grazing 
Cattle grazing and its damages were observed on several occasions. Eroded 
banks, destroyed riparian habitat, and cattle urinating directly in the stream were 
observed.-Extensive filamentous algal growth and plankton blooms were observed 
just below these cattle access sites, though not quantified in this study, (most likely) 
· caused by eutrophication brought on by unrestrained cattle and other agriculture 
runoff in the watershed. Cattle are drawn to riparian zones in search of water, shade, 
gentler terrain, and succulent foliage (Platts and Wagstaff 1984 ). 
Figures 21. Cow in Kinniconick Creek in Lewis County, Kentucky. 
Sites where cattle are grazed in the riparian zone have shown a high 
percentage of stream bank erosion (48-100%) (Wohl and Carline 1996). No attempt 
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at exclusion was observed in Kinniconick Creek (Figure 21). According to Platts and 
Wagstaff (1984), the livestock industry opposes fencing as an effective solution to 
riparian grazing. The cost of excluding cattle from riparian zones may prove too 
expensive, especially in rural areas (such as eastern Kentucky) where a higher 
percentage of the population is living below the poverty line. Platts and Wagstaff 
(1984) estimated that fencing two-30.5 m riparian corridors would cost an estimated 
$3728 per stream kilometer with an added $97-322 per stream kilometer per year to 
upkeep the enclosure. 
4.5.4 Riparian Zone Destruction 
Riparian zone degradation was observed at numerous localities (Figure 22) 
but not quantified in this study. I estimate 30-40% riparian zone degradation ranging 
from thinning to complete removal. Deforested riparian zones are associated with 
decreased abundance of benthic species (Chapman 1962), increase in tolerant and 
invasive species (Berkman and Rabeni 1987), and increased siltation loading 
(Chapman 1962). Sutherland et al. (2002) showed that streams with higher percentage 
of non-forested land had higher levels of turbidity, embeddedness, and streambed 
instability. Higherlevels of sediments ·can lead to a change in fish community 
structure, namely an increase in "generalist" species and a decrease in "specialist" 
and benthic crevice spawning species (which includes_!:'.. macrocephala) (Sutherland 
et al. 2002). 
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Figure 22. Riparian degradation in Kinniconick Creek, Lewis County, Kentucky. 
4.5.5 Gravel Mining and Stockpiling 
Gravel mining and stockpiling was observed (>5 observations) (Figure 23) in 
select locations in the main channel on several occasions in both the upper portion 
(<l km below confluence of Indian Creek) and the lower portion (between Camp Dix 
and Tannery) of the study area. People were observed to be retrieving rock at fords 
downstream of Camp Dix. 
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Figures 23. Gravel stockpiling in Kinniconick Creek, Lewis County, Kentucky. 
Channel geomorphology is extensively altered as a result of gravel mining (Brown et 
al. 1998) resulting in decreased riffle areas, increased pool surface area, and increased 
channel erosion. Gravel mining was observed extensively in the tributaries of 
Kinniconick Creek as well. 
4.5.6 Road Crossings 
Road crossings are potential barriers to movement of small-stream fishes 
(Warren and Pardew 1998), though some more so than others. Many fish species need 
to disperse in order to gain access to spawning and other habitats. Road barriers such 
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- as culvert slabs can prevent movement in low flows. Road crossings observed in 
Kinniconick Creek include fords, culvert slabs, and bridges. The largest single 
congregation of YOY ):'.. macrocephala (n= 16) observed during this study were 
located slightly upstream of a ford. The presence of YOY ):'.. macrocephala and the 
ford are most likely coincidental, a function ofthe channel morphology in the area. 
This gentle riffle and its bordering shallow pools provide suitable gradient and 
substrate for YOY ):'.. macrocephala and subsequently is a convenient place for 
vehicles to cross. The only culvert slab observed was at the most upstream portion of 
the sample area (Figure 24). Sampling above would help determine if any):'.. 
macrocephala darters were present, though doubtful as the nearest observation was 
3.18 km downstream from the concrete slab. 
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Figures 24. Concrete slab crossing marking the top of the sampling area. 
Fords do not appear to be as negatively impacting as culvert slabs because 
they do not restrict the dispersal of fishes. The main problems with any crossing are 
the direct access to the stream for people and their vehicles. Copious amounts of solid 
waste was observed at all road crossings and numerous human activities were 
observed including swimming, bathing (an entire family that regularly does so), 
collecting stones for landscaping, ATV and road vehicle activity, and horse riding. 
Previous dumping (trash) was observed in many places and was actually observed 
once. In this event, the perpetrator backed up to the creek discarding trash directly 
along the bank and in-stream, with some glass bottles actually shattered on substrate. 
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4.5.7 Drought 
Extreme drought conditions were observed during the sampling period in the 
summer of 2007 (Figure 25). These conditions could have had effects on the dispersal 
of Percina macrocephala within Kinniconick Creek. To avoid the intermittent nature 
of the upper portion of the sample area above Kinniconick Creek, Percina 
macrocephala could have migrated downstream to avoid being stranded in isolated 
pools. During drought conditions, fishes in a stream can survive by migrating to 
deeper pools or areas where water is s·till flowing (Labbe and Fausch 2000, Davey et 
al. 2006). Davey et al. (2006) report that refuge-use strategies for fishes during low 
flows is dependent upon the species, rate of water-level decline, and the accessibility 
of shelter (interstitial space). 
Peterson and Rabeni (1996) found spring-fed pools to have more stable 
temperatures year round. In summer and winter months, these pools were utilized by 
stream fish species as thermal refugia to maintain preferred temperatures (Peterson 
and Rabeni 1996). Kinniconick Creek watershed is located in a karst region (mainly 
in the Laurel Fork watershed) (KGS 2007), so it is possible that springs or subsurface 
flow feed portions of the creek, allowing some thermal refuges that allow Percina 
macrocephala to survive extreme low flows in Kinniconick Creek. 
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reach was snorkeled earlier in the 2007 sampling season, but now was now reduced to 
isolated pools. 
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5.0 Conclusion - Recommendations for Conservation 
Percina macrocephala is listed as endangered in the state of Kentucky 
(KSNPC 2010). Though sporadic over the sample area, f. macrocephala appears to 
be common in some localities. The goals of a conservation effort should be to 
recognize and protect important ecosystem functions and dispersal mechanisms so 
populations may continue with as little human intervention as possible (Labbe and 
Pausch 2000). My recommendations for the conservation off. macrocephala in 
Kinniconick Creek are as follows: First, landowners along the creek should leave 
wide riparian zones (>30 m) to mitigate the effect of anthropogenic runoff, in 
particular sediment loading. Percina macrocephala is listed as a simple lithophilic 
spawner (KDOW 2008) and increased sedimentation loads could impede 
reproduction. Second, cattle owners need to restrict cattle access to riparian zones and 
streams, which may mean utilizing alternate methods for watering cattle such as 
pumping water to livestock troughs or tanks. Third, regulatory agencies need to 
enforce existing regulations for in-stream gravel mining and stockpiling so erosion is 
not increased and natural stream function are not interrupted. Fourth, new road 
crossings should be of a design that does not restrict fish passage and has minimal 
impact on the stream itself such as bridges that span not only the water itself but a 
good portion of the riparian zone. Finally, if land bordering Kinniconick Creek were 
to be purchased for conservation purposes, I suggest acquiring land surrounding areas 
of highest f. macrocephala populations. Dispersal seems to still be occurring, so 
relocation or stocking are not required at this time. 
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Future research directions I recommend focus on obtaining vital life history 
information for r. macrocephala, with special emphasis on feeding ecology, 
environmental tolerances, and reproductive biology within Kinniconick Creek. 
Studies aimed at recruitment levels and the possible source-sink dynamics that occurs 
in Kinniconick Creek could lead to a greater understanding of their spotty distribution 
within the creek. Additional habitat studies that would allow the predictive model for 
r. macrocephala presence to be improved would be beneficial in the understanding of 
the most important habitat parameters for r. macrocephala presence. 
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APPENDIX A: List of Percina macrocephala vouchered in Kinniconick Creek, 
Lewis County, Kentucky prior to this study. 
SIUC 66665. Kinniconick Creek. 1938. No known locality. 
KNP uncatalogued (1, 72 mm SL), Kinniconick Cr. (Ohio R. dr.), 2.1 km upstream 
from mouth Pine Br., Lewis Co., 5 May 1981. 
KNP uncatalogued (4, 45-52 mm SL), Kinniconick Cr. (Ohio R. dr.), near mouth of 
Pipe Lick Cr., Lewis Co., 7 May 1981. 
KNP uncatalogued (2, 51-75 mm SL), Kinniconick Cr. (Ohio R. dr.), between Mill 
and Leatherbelly branches, Lewis Co., 14 May 1981. 
93 
APPENDIX B: Reaches sampled in Kinniconick Creek for Percina macrocephala in 
2007. 
Site USGS Topo 
0035 Vanceburg 
0038 Vanceburg 
0040 Vanceburg 
0045 Vanceburg 
0046 Vanceburg 
0050 Vanceburg 
0053 Vanceburg 
0057 Head_of_Grassy 
0058 Head_of_Grassy 
0063 Head_of_Grassy 
0065 Head_of_Grassy 
0067 Head_of_Grassy 
0070 Head_of_Grassy 
0074 Head_of_Grassy 
0076 Head_of_Grassy 
0081 Head_of_Grassy 
0084 Head_of_Grassy 
0085 Head_of_Grassy 
0090 Head_of_Grassy 
0091 Head_of_Grassy 
0095 Head_of_Grassy 
0099 Head_of_Grassy 
0100 Head_of_Grassy 
0104 Head_of_Grassy 
0106 Wesleyville 
0110 Head_of_Grassy 
0112 Head_of_Grassy 
0117 Vanceburg 
0118 Vanceburg 
0123 Garrison 
0125 Garrison 
0127 Garrison 
0132 Garrison 
0135 Garrison 
0138 Garrison 
0140 Garrison 
0143 Garrison 
0145 Garrison 
0148 Garrison 
0153 Garrison 
0155 Garrison 
Description 
Approximately 200 m upstream of Grassy Branch 
Approximately 100 m downstream of Grassy Branch 
Approximately 500 m downstream of Grassy Branch 
Approximately 1.5 km downstream of Grassy Branch 
Approximately 1.6 km downstream of Grassy Branch 
Approximately 50 m downstream of Hamilton Branch 
Approximately 750 m downstream of Hamilton Branch 
Approximately 1.5 km downstream of Hamilton Branch 
Approximately 50 m downstream of Johnson branch 
Approximately 650 m downstream of Johnson branch 
Approximately 1 km downstream of Johnson branch 
Approximately 1.7 km downstream of Johnson branch 
Approximately 250 m downstream of Pine Branch 
Approximately 1.2 km downstream of Pine Branch 
Approximately 1.5 km downstream of Pine Branch 
Approximately 400 m downstream of Dogwood Branch 
Approximately 500 m downstream of Dogwood Branch 
Approximately 700 m downstream of Dogwood Branch 
Approximately 30 m upstream of SR 59 bridge at Camp Dix 
Approximately 500 m downstream of SR 59 bridge at Camp Dix 
Approximately 1 km downstream of SR 59 bridge at Camp Dix 
Approximately 2.2 km downstream of SR 59 bridge at Camp Dix 
Approximate] y 500 m upstream of Laurel Fork 
Approximately 125 m downstream of Laurel Fork 
Approximately 1 km downstream of Laurel Fork 
Approximately 3 km upstream of Pipe Lick 
Approximately 150 downstream of Pipe Lick 
Approximately 250 m downstream of Puncheon Camp Hollow 
Approximately 280 m downstream of Puncheon Camp Hollow 
Approximately 30 m downstream of McKinney Branch 
Approximately 250 m downstream of McKinney Branch 
Approximately 500 m downstream of McKinney Branch 
Approximately 300 m downstream of Bear Branch 
Approximately 800 m downstream of Bear Branch 
Approximately 1.2 km downstream of Bear Branch 
Approximately 40 m downstream of Leatherbelly Branch 
Approximately 1.08 km downstream of Leatherbelly Branch 
Approximately 40 m downstream of Town Branch 
Approximately 300 m downstream of Town Branch 
Approximately 930 m downstream of Town Branch 
Approximately 100 m upstream of Trace Creek 
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APPENDIX C: Descrietive statistics for macro- and rnicrohabitat variables. 
Std. 
Macrohabitat Min Max Range Mean Deviation Variance Skewness Kurtosis 
Length (m) 36.30 3000.00 2963.70 319.87 513.33 263505.20 4.13 19.44 
Average Width (m) 3.73 21.63 17.90 12.88 4.63 21.45 -0.01 -0.97 
Average Depth (m) 0.08 1.12 1.04 0.33 0.18 0.03 2.32 9.13 
Water Temp (°C) 12.00 31.17 19.17 23.14 4.40 19.33 -0.18 -0.12 
Dissolved Oxygen 2.26 8.50 6.24 5.98 1.32 1.74 -0.38 0.83 (mg/L) 
pH 6.71 8.87 2.16 7.97 0.42 0.18 -0.33 1.82 
Conductivity 99.00 144.00 45.00 114.87 9.62 92.57 1.50 2.08 (µs/cm) 
Turbidity (NTU) 2.06 12.50 10.44 4.55 2.14 4.58 1.60 3.75 
Siltation 1.00 3.00 2.00 2.07 0.47 0.22 0.27 1.83 
Embeddedness 0.00 0.50 0.50 0.25 0.14 0.02 0.00 0.63 
Snbstrate 11.88 29.06 17.19 23.82 3.61 13.01 -1.60 3.10 
Std. 
Microhabitat Min Max Range Mean Deviation Variance Skewness Kurtosis 
Average Depth 1.32 86.60 85.28 39.08 19.00 361.16 0.25 -0.56 
Average Flow 0.00 0.73 0.73 0.05 0.09 O.Gl 4.21 26.91 
Sedimentation 1.00 3.00 2.00 1.93 0.42 0.18 -0.41 2.52 
Embeddedness 0.00 0.75 0.75 0.19 0.16 0.02 0.41 0.29 
Substrate 1.00 4.81 3.81 3.85 0.85 0.72 -2.51 5.76 
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APPENDIX D: Assumptions for macro- and microhabitat variables. Significant 
values highlighted (p<0.05). 
Length 
Macrohabitat 
Variables 
Average Width 
Average Depth 
Water Temperature 
D.0. (mg/I..) 
pH 
Conductivity 
Turbidity 
Siltation 
Embeddedness 
Substrate 
Microhabitat 
Variables 
Average Depth 
Average Flow 
Siltation 
Embeddedness 
Substrate 
Normality 
Anderson-Darling 
Raw Logrn 
k o.oos 0.572 
0.421 0.085 
!,:0.005 0.059 
0.964 0.460 
0.529 0.014 
0.026 0.019 
kO.OOS f,:0.005 
k o.oos 0.051 
l<: 0:005 kO:OOS 
&_0.005 ,I< 0:005 
f,:o.oos f::0.005 
Normality 
Anderson-Darling 
Raw Log10 
0.119 li;0.005 
k 0.005 f::o.oos 
f::o.oos f:: 0.005 
k o.oos f::o:oos 
k o.oos. k 0.005 
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Equal Variances 
Levene's Test 
Raw Log,o 
0.000 0.040 
0.207 Q,040 
0.104 0.674 
0.500 0.681 
0.749 0.805 
0.466 0.549 
0.272 0.266 
0.060 0.054 
[@ 0.378 
0.684 0.072 
0.050 0.032 
Equal Variances 
Levene's Test 
Raw Logrn 
0.101 0.000 
p.009 0.0311 
O.Olil 0.007, 
0.197 0.730 
O.OOQ O.OOQ 
APPENDIX E: Spearman's correlation coefficients for macro- and microhabitat 
variables. Significant values highlighted (e<0.05). 
Macrohabitat Length Avg Avg Water Temp D.O. (mg/L) Width Depth 
Length 0.00 0.284 0.928 0.254 
Average Width 0.00 0.00 0.956 0.39 
Average Depth 0.284 0.00 0.699 0.802 
Water Temp 0.928 0.956 0.699 0.96 
D.O. (mg/L) 0.254 0.39 0.802 0.96 
pH 0.253 0.558 0.23 0.176 0.055 
Cond 0.231 0.307 0.612 0.002 0.135 
Turb 0.18 0.184 0.772 0.231 0.038 
Siltation 0.728 0.978 0.572 0.521 0.052 
Embeddedness 0.653 0.619 0.372 0.165 0.161 
Substrate 0.018 0.111 0.934 0.064 0.776 
Macrobabitat pH Cond Turb Silt Embedd Substrate 
Length 0.253 0.231 0.18 0.728 0.653 [018 
Average Width 0.558 0.307 0.184 0.978 0.619 0.111 
Average Depth 0.23 0.612 0.772 0.572 0.372 0.934 
Water Temp 0.176 0.002 0.231 0.521 0.165 0.064 
D.O. (mg/L) 0.055 0.135 0.038 0.052 0.161 0.776 
pH 0.517 0.062 0.428 0.831 0.067 
Cond 0.517 0.641 0.661 0.288 0.111 
Turb 0.062 0.641 0.535 0.413 0.622 
Siltation 0.428 0.661 0.535 o.oov b.022 
Embeddedness 0.831 0.288 0.413 0.00~ 0.066 
Substrate 0.067 0.111 0.622 9.072 0.066 
Microhabitat Average Average Siltation Embeddedness Substrate Depth Flow 
Average Depth b1io b~oos 0.449 0~033 
Average Flow b.oo p,oo 0.05 0.222 
Siltation 0.005 p.oo 0.039 0.71 
Embeddedness 0.449 b,os 0.039 0.157 
Substrate Q,033 0.222 0.71 0.157 
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APPENDIX F: Phi Coefficient (<II) converted to a Chi-Square cx2J statistic to obtain significance level 
for SEecies associations with Percina macrocei2hala. 
Seecies <I> 7; Significance Levels 
Ichthyomyzon bdellium 0.232 2.21 
Lepisosteus osseus 0.227 2.11 
Campostoma anomalum 0.176 1.27 
Cyprinella spiloptera 0.108 0.48 
Hybopsis amblops 0.010 0.00 
Luxilus chrysocephalus 
* * * 
Lythrurus fasciolaris 0.318 4.14 <0.05 
N ocomis· micropogon 0.265 2.88 
Notropis ariommus 0.412 6.97 <0.01 
Notropis hoops 0.191 1.50 
Notropis buccata 0.108 0.48· 
Notropis photogenis 0.115 0.55 
Notropis rubellus 0.008 0.00 
Notropis volucellus 0.010 0.00 
Pimephales notatus 0.094 0.36 
Semotilus atromaculatus 0.066 0.18 
Hypentelium nigricans 0.047 0.09 
Moxostoma breviceps 0.170 1.18 
Moxostoma erythrurum/duquesnei 0.135 0.75 
Ameiurus natalis 0.232 2.21 
Noturus rniurus 0.089 0.32 
Esox masguinongy 0.129 0.68 
Labidesthes sicculus 0.326 4.35 <0.05 
Ambloplites rupestris 0.313 4.01 <0.05 
Lepomis cyanellus 0.010 0.00 
Lepomis macrochirus 0.021 0.02 
Lepomis megalotis 0.010 0.00 
Micropterus dolomeiu 
* * * 
Micropterus punctulatus 0.135 0.75 
Micropterus salmoides 0.278 3.16 
Etheostoma blennioides 0.191 1.50 
Etheostoma caeruleum 0.019 0.01 
Etheostoma camurum 0.227 2.11 
Etheostoma flabellare 0.174 1.24 
Etheostoma nigrum 0.384 6.03 < 0.025 
Etheostoma variatum 0.108 0.48 
Etheostoma zonale 0.191 1.50 
Percina caprodes 0.387 6.14 < 0.025 
Percina macrocephala 1.000 41.00 < 0.005 
Percina maculata 0.174 1.24 
• Calculation impossible because species were found at all sites with f. macrocephala and all sites 
without f. macrocephala. 
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APPENDIX G: Jaccard Coefficient for community similarity. Highlighted cells represent 
similarities greater than 70%. 
35 38 40 45 46 50 53 57 58 63 65 67 70 74 
35 0.42 0.59 0.47 0.47 0.50 0.36 0.33 0.47 0.50 0.38 0.56 0.39 0.56 
38 o.42 0.43 0.41 0.46 (otwj o.39 o.48 o.64 0.42 0.35 o.s2 0.61 o.s2 
40 o.59 0.43 o.63 o.63 o.5o o.57 o.35 0.41 o.35 0.41 o.41 o.4610!821 
45 0.47 0.41 0.63 _ ____& 0.48 0.62 0.33 0.39 0.40 0.53 0.45 0.33 0.68 
46 0.47 0.46 0.63 ~ 0.48 0.62 0.40 0.39 0.40 0.53 0.53 0.44 0.68 
50 0.50 (0}7;7i 0.50 0.48 0.48 0.34 0.43 0.68 0.50 0.35 0.62 0.58 0.61 
53 0.36 0.39 0.57 0.62 0.62 0.34 0.36 0.31 0.30 0.40 0.35 0.41 0.55 
57 0.33 0.48 0.35 0.33 0.40 0.43 0.36 0.65 0.60 0.57 0.56 0.39 0.47 
58 0.47 o.64 0.41 0.39 o.39 o.68 0.31 o.65 o.65 o.53 [o"!':7iil o.44 o.s2 
63 0.50 0.42 0.35 0.40 0.40 0.50 0.30 0.60 0.65 0.47 0.67 0.33 0:47 
65 0.38 0.35 0.47 0.53 0.53 0.35 0.40 0.57 0.53 0.47 0.53 0.30 0.53 
67 0.56 0.52 0.47 0.45 0.53 0.62 0.35 0.56 (0~71110.67 0.53 0.50 0.61 
70 0.39 0.61 0.46 0.33 0.44 0.58 0.41 0.39 0.44 0.33 0.30 0.50 0.50 
14 o.56 o.52 rars11 o.68 o.68 0.61 o.55 0.41 o.52 0.41 o.s3 0.61 o.5o 
76 o.5o 0.54 o.58 0.48 o.48 0.57 o.43 o.69 [o'fil1 o.59 o.61 lot1sl o.s2 totnj 
81 0.35 0.48 0.43 0.55 0.55 0.57 0.38 0.42 0.55 0.42 0.47 0.65 0.46 0.55 
84 0.45 [o'f7§) 0.40 0.44 0.50 O.'Zl 0.36 0.45 0.64 0.52 0.36 0.65 0.60 0.50 
85 o.67 o.54 o.65 0.'79 0:10 o.63 o.so 0.36 0.55 o.58 0.47 0.55 0.41 1ot101 90 0.50 0.48 0.43 0.41 0.48 0.44 0.43 0.59 0.55 0.50 0.47 0.65 0.46 0.55 
91 0.55 0.57 0.62 0.67 0.52 tomij 0.42 0.41 0.52 0.41 0.38 0.52 0.44 0.67 
95 0.46 0.28 0.38 0.35 0.35 0.33 0.25 0.36 0.35 0.36 0.42 0.54 0.29 0.35 99 o.47 o.58 o.63 o.52 0.60 o.68 0.42 0.56 o.68 0.56 o.53 ~oJ~IJ o.57 tot,81 
100 0.60 0.48 0.59 0.47 0.56 0.57 0.36 0.41 0.56 0.50 0.47 0,79 0.45 0.56 
104 0.56 0.52 0.55 0.52 0.52 0.61 0.42 0.40 0.52 0.47 0.53 0.53 0.38 0.60 
106 0.50 0.53 0.57 0.54 0.48 0.68 0.34 0.38 0.48 0.43 0.35 0.42 0.46 0.61 
110 o.55 o.68 0.61 0.58 o.52 o.65 0.54 0.48 0.58 0.48 0.45 o.s2 o.5o f ot7c1j 
112 0.61 0.50 0.68 0.65 0.65 0.65 0.52 0.38 0.50 0.53 0.50 0.58 0.42 0.83 
117 0.44 0.56 0.53 0.50 0.43 0.59 0.39 0.53 0.67 0.44 0.50 0.59 0.42 0.67 
118 o.48 o.63 o.s5 o.s2 o.52 [oh.;4j o.37 o.48 lof1sj o.s5 0.45 o.68 o.5o 0.61 
123 0.63 0.57 [OJ.70) 0.59 0.59 0.67 0.48 0.48 0.59 0.48 0.53 0.52 0.44 [0~75) 
125 0.53 0.44 0.53 0.50 0.50 0.52 0.33 0.37 0.43 0.44 0.50 0.59 0.42 0.58 
127 0.50 0.65 0.43 0.36 0.36 0.63 0.33 0.50 ~ 0.50 0.40 0.63 0.46 0.48 
132 0.33 0.42 0.35 0.33 0.40 0.50 0.20 0.50 0.56 0.41 0.47 0.56 0.33 0.40 
135 0.59 0.54 0.50 0.41 0.35 0.64 0.32 0.50 ' ' 0.59 0.39 0.65 0.46 0.55 
138 0.40 0.60 0.46 0.44 0.44 0.69 0.37 0.46 0.:70 0.46 0.43 0.57 0.43 0.56 
140 0.40 0.50 0.58 0.50 0.56 0.52 0.58 0.52 0.50 0.46 0.43 0.44 0.43 0.63 
143 0.58 0.54 0.50 0.55 0.55 0.63 0.44 0.50 0.62 0.58 0.47 0.55 0.46 0.62 
145 0.56 0.52 0.48 0.52 0.52 0.6 I 0.36 0.47 0.68 0.56 0.44 (Q1'8;ll 0.44 0.60 
148 0.44 0.58 0.39 0.43 0.48 0.6 I 0.45 0.44 0.54 0.44 0.36 0.54 0.52 0.48 
153 0.38 0.24 0.24 0.22 0.22 0.29 0.26 0.38 0.38 0.50 0.33 0.36 0.24 0.29 
155 0.38 0.19 0.31 0.38 0.38 0.23 0.26 0.38 0.29 0.50 0.45 0.36 0.18 0.29 
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APPENDIX G (Continued) Jaccard Coefficient for community similarity. Highlighted 
cells represent similarities greater than 70%. 
76 81 84 85 90 91 95 99 100 104 106 110 112 117 
35 0.50 0.35 0.45 0.67 0.50 0.55 0.46 0.47 0.60 0.56 0.50 0.55 0.61 0.44 
38 o.54 0.4s ioh-31 0.54 oAs o.51 0.2s o.5s 0.4s 0.52 o.53 o.6s 0.50 o.56 
40 0.58 0.43 0.40 0.65 0.43 0.62 0.38 0.63 0.59 0.55 0.57 0.61 0.68 0.53 
45 0.48 0.55 0.44 0.','9 0.41 0.67 0.35 0.52 0.47 0.52 0.54 0.58 0.65 0.50 
46 0.48 0.55 0.50 OHO 0.48 0.52 0.35 0.60 0.56 0.52 0.48 0.52 0.65 0.43 
50 0.57 0.57 0.'71 0.63 0.44 [0}7~~ 0.33 0.68 0.57 0.61 0.68 0.65 0.65 0.59 
53 0.43 0.38 0.36 0.50 0.43 0.42 0.25 0.42 0.36 0.42 0.34 0.54 0.52 0.39 
57 0.69 0.42 0.45 0.36 0.59 0.41 0.36 0.56 0.41 0.40 0.38 0.48 0.38 0.53 
58 10.q,2 0.55 0.64 0.55 0.55 0.52 0.35 0.68 0.56 0.52 0.48 0.58 0.50 0.67 
63 0.59 0.42 0.52 0.58 0.50 0.41 0.36 0.56 0.50 0.47 0.43 0.48 0.53 0.44 
65 0.47 0.36 0.47 0.47 0.38 0.42 0.53 0.47 0.53 0.35 0.45 0.50 0.50 
61 o.65 o.65 o.55 o.65 o.52 o.54 ro!s,1toh9j o.53 0.42 o.52 o.5s o.59 
70 0.46 0.60 0.41 0.46 0.44 0.29 0.57 0.45 0.38 0.46 0.50 0.42 0.42 
74 o.55 o.5o fo}w) o.55 o.67 0.35 o.56 0.60 0.61 =~='",.;;;.;;.;. 
76 0.58 0.52 0.57 0.67 0.55 0.47 0.59 0.55 0.50 . . 
81 0.58 0.67 0.57 0.43 0.48 0.47 0.'/2 0.59 0.4 I 0.50 0.48 0.52 0.45 
84 0.52 0.67 0.58 0.52 0.56 0.35 0.64 0.60 0.50 0.58 0.56 0.54 0.48 
85 o.57 o.57 0.58 o.5o o.68 0.39 0.62 o.58 0.62 tot101 o.67 tot1sj o.52 
90 0.67 0.43 0.52 0.50 0.48 0.47 0.55 0.50 0.55 0.38 0.54 0.52 0.61 
91 0.55 0.48 0.56 0.68 0.48 0.37 0.59 0.55 0.59 [01'7,.410h:II 0.64 0.57 
95 0.47 0.47 0.35 0.39 0.47 0.37 0.44 0.58 0.35 0.27 0.32 0.33 0.40 
99 0:82 0,72 0.64 0.62 0.55 0.59 0.44 --~ 0.52 0.54 0.65 0.65 0.58 
100 0.59 0:59 0.60 0.58 0.50 0.55 0.58 ~ . - 0.56 0.43 0.48 0.53 0.44 
104 0.55 0.41 0.50 0.62 0.55 0.59 0.35 0.52 0.56 0.54 0.58 flit-ID 0.58 
106 0.50 0.50 0.58 tm-10) 0.38 1 i7i 0.27 0.54 0.43 0.54 0.65 0.65 0.46 110 o.68 0.48 o.56 o.67 o.54 0.,,,1 o.32 o.65 o:4s o.58 o.65 __ J~w10.57 
112 0.60 o.52 o.54 fo~1sj 0.52 o.64 o.33 o.65 o.53 toh}j o.65 fliw] -o.55 
117 0., 1 0.45 0.48 0.52 0.61 0.57 0.40 0.58 0.44 0.58 0.46 0.57 0.55 
118 -o.,-o o.:;,o 0,-70 o.68 0.48 o.58 o.37 [OT8M o.63 0.52 0.60 o.64 o.64 o.57 
123 0,10 0.48 o.5o (0~1,6j o.55 [Qfl§) o.37 o.67 o.55 [0~1s100]410~18jorsoj o.57 
125 0.61 0.53 0.42 0.60 0.45 0.57 0.50 0.58 0.53 0.58 0.52 0.57 0.63 0.47 
127 0.65 0.50 0.58 0.50 0.50 0.48 0.39 0.62 0.58 0.48 0.44 0.60 0.46 0.60 
132 0.50 0.42 0.39 0.36 0.42 0.48 0.46 0.56 0.50 0.40 0.38 0.42 0.38 0.44 
· 135 0.67 0.50 0.59 0.57 0.50 0.55 0.47 0.63 0.59 0.48 0.50 0.54 0.52 0.61 
138 0.65 0.58 0.59 0.58 0.46 0.56 0.30 (01-?oj 0.52 0.56 0.57 0.61 0.60 0.54 
140 0.58 0.41 0.43 0.58 0.52 0.56 0.25 0.56 0.40 0.50 0.52 0.61 0.60 0.48 
143 o.57 0.50 o.58 [ot1;11 o.57 0.61 o.32 o.55 0.43 o.55 o.63 0.60 [o~wl 0.52 
145 0.63 0.63 0.64 0.62 0.63 0.59 0.44 0.68 0.65 0.45 0.48 0.52 0.57 0.58 
148 0.50 0.50 0.69 0.50 0.63 0.59 0.29 0.54 0.50 0.60 0.55 0.64 0.58 0.41 
153 0.31 0.24 0.30 0.26 0.24 0.19 0.18 0.29 0.29 0.29 0.23 0.27 0.35 0.25 
155 0.31 0.24 0.24 0.33 0.24 0.25 0.30 0.29 0.38 0.29 0.23 0.22 0.28 0.25 
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APPENDIX G (Continued) Jaccard Coefficient for community similarity. Highlighted 
cells represent similarities greater than 70%. 
118 123 125 127 132 135 138 140 143 145 148 153 155 
35 0.48 0.63 0.53 0.50 0.33 0.59 0.40 0.40 0.58 0.56 0.44 0.38 0.38 
38 0.63 0.57 0.44 0.65 0.42 0.54 0.60 0.50 0.54 0.52 0.58 0.24 0.19 
40 0.55 [&;7ji] 0.53 0.43 0.35 0.50 0.46 0.58 0.50 0.48 0.39 0.24 0.31 
45 0.52 0.59 0.50 0.36 0.33 0.41 0.44 0.50 0.55 0.52 0.43 0.22 0.38 
46 0.52 0.59 0.50 0.36 0.40 0.35 0.44 0.56 0.55 0.52 0.48 0.22 0.38 
50 0,74 0.67 0.52 0.63 0.50 0.64 0.69 0.52 0.63 0.61 0.61 0.29 0.23 
53 0.37 0.48 0.33 0.33 0.20 0.32 0.37 0.58 0.44 0.36 0.45 0.26 0.26 
57 0.48 0.48 0.37 0.50 0.50 0.50 0.46 0.52 0.50 0.47 0.44 0.38 0.38 
58 10,75 0.59 0.43 !0~79] 0.56 [0°!'.7210}7.0i 0.50 0.62 0.68 0.54 0.38 0.29 
63 0.55 0.48 0.44 0.50 0.41 0.59 0.46 0.46 0.58 0.56 0.44 0.50 0.50 
65 0.45 0.53 0.50 0.40 0.47 0.39 0.43 0.43 0.47 0.44 0.36 0.33 0.45 
67 0.68 0.52 0.59 0.63 0.56 0.65 0.57 0.44 0.55 [01811 0.54 0.36 0.36 
70 0.50 0.44 0.42 0.46 0.33 0.46 0.43 0.43 0.46 0.44 0.52 0.24 0.18 
74 l~!'!'."l~!t 0.48 0.40 o.55 0.56 0.63 o.62 0.60 0.48 0.29 0.29 
76 o.,ro 0,10 0.61 o.65 o.5o o.67 o.65 o.58 o.57 o.63 o.so o.31 o.31 
81 ·030 0.48 0.53 0.50 0.42 0.50 0.58 0.41 0.50 0.63 0.50 0.24 0.24 
84 ,0.'70 0.50 0.42 0.58 0.39 0.59 0.59 0.43 0.58 0.64 0.69 0.30 0.24 
85 o.68 f 0~7,6) 0.60 o.5o o.36 o.57 o.58 0.58 io;1111 o.62 o.so 0.26 o.33 
90 0.48 0.55 0.45 0.50 0.42 0.50 0.46 0.52 0.57 0.63 0.63 0.24 0.24 
91 0.58 (Dt7310.57 0.48 0.48 0.55 0.56 0.56 0.61 0.59 0.59 0.19 0.25 
95 0.37 0.37 0.50 0.39 0.46 0.47 0.30 0.25 0.32 0.44 0.29 0.18 0.30 
99 ,0,84 0.67 0.58 0.62 0.56 0.63 [01-'lo] 0.56 0.55 0.68 0.54 0.29 0.29 
100 0.63 0.55 0.53 0.58 0.50 0.59 0.52 0.40 0.43 0.65 0.50 0.29 0.38 
104 0.52 0,75 0.58 0.48 0.40 0.48 0.56 0.50 0.55 0.45 0.60 0.29 0.29 
106 0.60 O.:Zi! 0:52 0.44 0.38 0.50 0.57 0.52 0.63 0.48 0.55 0.23 0.23 
110 0.64 .0.'78 0.57 0.60 0.42 0.54 0.61 0.61 0.60 0.52 0.64 0.27 0.22 
112 o.64 0.80 o.63 0.46 o.38 o.s2 0.60 0.60 (0;1s1 o.57 o.58 0.35 0.28 
117 0.57 0.57 0.47 0.60 0.44 0.61 0.54 0.48 0.52 0.58 0.41 0.25 0.25 
118 0.65 0.50 0.68 0.48 rot1010!83] 0.50 0.61 0.67 0.54 0.32 0.25 
123 0.65 0.65 0.54 0.48 0.55 0.68 0.68 0.68 0.52 0.59 0.25 0.25 
125 0.50 0.65 0.45 0:53 0.45 0.48 0.48 0.60 0.50 0.41 0. 18 0.25 
127 0.68 0.54 0.45 0.50 [0183] 0.64 0.46 0.50 0.62 0.50 0.33 0.26 
132 0.48 0.48 0.53 0.50 0.42 0.46 0.40 0.43 0.47 0.38 0.20 0.29 
135 ,o.:zo 0.55 0.45 [OT83J 0.42 0.58 0.46 0.57 0.63 0.44 0.40 0.31 
138 0,83 0.68 0.48 0.64 0.46 0.58 0.59 0.58 0.56 0.62 0.26 0.21 
140 0.50 0.68 0.48 0.46 0.40 0.46 0.59 0.64 0.44 0.57 0.21 0.26 
143 .0.61 0.68 0.60 0.50 0.43 0.57 0.58 0.64 0.62 0.56 0.33 0.26 
145 0.67 0.52 0.50 0.62 0.47 0.63 0.56 0.44 0.62 0.54 0.29 0.29 
148 0.54 0.59 0.41 0.50 0.38 0.44 0.62 0.57 0.56 0.54 0.25 0.20 
153 0.32 0.25 0.18 0.33 0.20 0.40 0.26 0.21 0.33 0.29 0.25 0.50 
155 0.25 0.25 0.25 0.26 0.29 0.31 0.21 0.26 0.26 0.29 0.20 0.50 
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